{ HANDBOOK OF } OF 


Urology 


Edited by J. Kellogg Parsons, 
John B. Eifler and Misop Han 


WILEY Blackwell 


Handbook of Urology 


Handbook of Urology 


Edited by 


J. Kellogg Parsons, mD, MHS, FACS 
Associate Professor of Urology 

Moores Comprehensive Cancer Center 

UC San Diego Health System 

La Jolla, CA, USA 


John B. Eifler, mp 

Resident, Urological Surgery 

The James Buchanan Brady Urological Institute and Department of Urology 
The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Misop Han, mp, ms 

Associate Professor of Urology and Oncology 

The James Buchanan Brady Urological Institute and Department of Urology 
The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


WILEY Blackwell 


This edition first published 2014 © 2014 by John Wiley and Sons, Ltd 


Wiley-Blackwell is an imprint of John Wiley & Sons, formed by the merger of Wiley’s global Scientific, 
Technical and Medical business with Blackwell Publishing. 


Registered office: John Wiley & Sons, Ltd, The Atrium, Southern Gate, Chichester, West Sussex, 
PO19 8SQ, UK 


Editorial offices: 9600 Garsington Road, Oxford, OX4 2DQ, UK 
The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK 
111 River Street, Hoboken, NJ 07030-5774, USA 


For details of our global editorial offices, for customer services and for information about how to 
apply for permission to reuse the copyright material in this book please see our website at 
www.wiley.com/wiley-blackwell 


The right of the author to be identified as the author of this work has been asserted in accordance with 
the UK Copyright, Designs and Patents Act 1988. 


All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, 

or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or 
otherwise, except as permitted by the UK Copyright, Designs and Patents Act 1988, without the prior 
permission of the publisher. 


Designations used by companies to distinguish their products are often claimed as trademarks. All 
brand names and product names used in this book are trade names, service marks, trademarks or 
registered trademarks of their respective owners. The publisher is not associated with any product or 
vendor mentioned in this book. It is sold on the understanding that the publisher is not engaged in 
rendering professional services. If professional advice or other expert assistance is required, the services 
of a competent professional should be sought. 


The contents of this work are intended to further general scientific research, understanding, and 
discussion only and are not intended and should not be relied upon as recommending or promoting 

a specific method, diagnosis, or treatment by physicians for any particular patient. The publisher and 
the author make no representations or warranties with respect to the accuracy or completeness of the 
contents of this work and specifically disclaim all warranties, including without limitation any implied 
warranties of fitness for a particular purpose. In view of ongoing research, equipment modifications, 
changes in governmental regulations, and the constant flow of information relating to the use of 
medicines, equipment, and devices, the reader is urged to review and evaluate the information provided 
in the package insert or instructions for each medicine, equipment, or device for, among other things, 
any changes in the instructions or indication of usage and for added warnings and precautions. 
Readers should consult with a specialist where appropriate. The fact that an organization or Website 
is referred to in this work as a citation and/or a potential source of further information does not mean 
that the author or the publisher endorses the information the organization or Website may provide 

or recommendations it may make. Further, readers should be aware that Internet Websites listed in 
this work may have changed or disappeared between when this work was written and when it is read. 
No warranty may be created or extended by any promotional statements for this work. Neither the 
publisher nor the author shall be liable for any damages arising herefrom. 


Library of Congress Cataloging-in-Publication Data 
Handbook of urology / edited by J. Kellogg Parsons, John B. Eifler, Misop Han. 
p. ; cm. 
Includes bibliographical references and index. 
ISBN 978-0-470-67256-3 (softback : alk. paper) — ISBN 978-1-118-71373-0 (Pub) - 
ISBN 978-1-118-71374-7 (PDF) — ISBN 978-1-118-71375-4 (Mobi) — ISBN 978-1-118-71376-1 
I. Parsons, J. Kellogg. I. Eifler, John B. III. Han, Misop. 
[DNLM: 1. Urologic Diseases-Handbooks. 2. Female Urogenital Diseases-Handbooks. 
3. Male Urogenital Diseases-Handbooks. WJ 39] 
RC871 
616.6-dc23 
2013013055 


A catalogue record for this book is available from the British Library. 


Wiley also publishes its books in a variety of electronic formats. Some content that appears in print 
may not be available in electronic books. 


Cover image: © James Benet istockphoto.com 
Cover design by Andrew Magee Design Ltd 
Set in Sabon 9pt/11.5pt Sabon by Aptara 


01 2014 


Contents 


Contributors, viii 
Preface to the First Edition, x 


Section 1 Infections 
1 Infections of the urinary tract, 3 
Mark W. Ball 


2 Antimicrobial Prophylaxis for Urologic Procedures, 12 
Jeffrey K. Mullins 


Section 2 Urinary lithiasis 

3 Nephrolithiasis: Etiology, Stone Composition, Medical Management, and 
Prevention, 23 
Robert M. Turner II and Michelle Jo Semins 


4 Nephrolithiasis: Evaluation and Surgical Treatment, 32 
Bishoy A. Gayed and Michelle Jo Semins 


Section 3 Reproductive and Sexual Function 
5 Male infertility, 43 
Ahmed Magbheli 
6 Erectile dysfunction and Peyronie’s disease, 55 
Jeffrey K. Mullins 


Section 4 Emergency Urology 
7 Genitourinary trauma, 67 
Adam Kern 
8 Testicular torsion and trauma, 75 
Adam Kern 
9 Acute gross hematuria: etiology and management, 82 
Kenneth Tseng 
10 Priapism, 88 
Debasish Sundi and Trinity J. Bivalacqua 
11 Urinary fistulae, 96 
Adam Kern 
12 Urethral stricture disease, 103 
Debasish Sundi and Arthur L. Burnett 


CONTENTS 


Section 5 Urine storage and emptying 
13 Neurourology, 111 

Ifeanyichukwu Anusionwu 
14 Urogynecology, 116 

Ifeanyichukwu Anusionwu 


15 Interstitial cystitis and chronic pelvic pain, 123 
Ifeanyichukwu Anusionwu 


Section 6 Oncology 

16 Prostate Cancer Screening and Diagnosis, 129 
John B. Eifler 

17 Prostate Cancer: Localized, 139 
Stacy Loeb 


18 Prostate cancer: treatment of metastatic disease, 149 
John B. Eifler 


19 Benign Prostatic Hyperplasia, 157 
John B. Eifler 
20 Bladder cancer: superficial, 166 
Ashley E. Ross and Trinity J. Bivalacqua 
21 Invasive Bladder Cancer and Urinary Diversion, 173 
Ashley E. Ross and Trinity J. Bivalacqua 
22 Penile and urethral cancer, 180 
Nicholas C. Field, Matthew Eric Hyndman 
23 Ureteral and renal pelvic tumors, 189 
Elias Hyams and Brian Matlaga 
24 Angiomyolipoma, oncocytoma and retroperitoneal fibrosis, 199 
Phillip M. Pierorazio 
25 Malignant Renal parenchymal tumors, 208 
Phillip M. Pierorazio 
26 Adrenal Disorders, 217 
Jeffrey K. Mullins 
27 Testicular tumors, 228 
Varun Sharma and Markus Margreiter 


Section 7 Congenital and Acquired Disease 

28 Obstructing Congenital Anomalies of the Urinary Tract, 239 
Kristina D. Suson 

29 Developmental Abnormalities of the Genitalia: Disorders of Sexual 
Differentiation, Hypospadias, and Cryptorchidism, 247 
Eric Z. Massanyi 


30 


31 


32 


33 


34 


CONTENTS 


Pediatric Urinary Infections, Vesicoureteral Reflux, and Voiding Dysfunction, 254 
Eric Z. Massanyi 


Pediatric Genitourinary Oncology, 261 
Eric Z. Massanyi 


The Exstrophy—Epispadias Complex, 268 
Kristina D. Suson 


Bladder Augmentation, bladder neck reconstruction and continent diversions in 
children, 276 
Angela D Gupta 


End Stage Renal Disease and Transplantation, 280 
Angela D Gupta 


Addendum 


Uropharmacology, 285 
John B. Eifler 


Index, 289 


Color plate section can be found facing page 166 


Contributors 


Ifeanyichukwu Anusionwu, MD 

Resident, Urological Surgery 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Mark W. Ball, MD 

Resident, Urological Surgery 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Trinity J. Bivalacqua MD, PhD 

Associate Professor of Urology and Oncology 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Arthur L. Burnett, MD, MBA 

Patrick C. Walsh Professor of Urology 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


John B Eifler, MD 

Resident, Urological Surgery 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Nicholas C. Field, mp, MBA 
Southern Alberta Institute of Urology 
University of Calgary 

Calgary, AB, Canada 


Bishoy A. Gayed, MD 

Chief Resident 

University of Pittsburgh Medical Center 
Pittsburgh, PA, USA 


viii 


Angela D. Gupta, MD 

Resident, Urological Surgery 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Elias Hyams, MD 

Instructor and Fellow 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Matthew Eric Hyndman MD, PhD 
Attending Physician 

Rockyview General Hospital 

Calgary, AB, Canada 


Adam Kern, MD 

Resident, Urological Surgery 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Stacy Loeb, mp 

Assistant Professor of Urology and Population Health 

Department of Urology 

New York University School of Medicine and 
Manhattan Veterans Affairs Medical Center 

New York, NY, USA 


Ahmed Magheli, mp, PhD 

Attending Physician and Assistant Professor 
Department of Urology 

Charité Universitatsmedizin Berlin 

Berlin, Germany 


Markus Margreiter, MD, FEBU 
Assistant Professor of Urology 
Department of Urology 

Medical University Vienna 

Vienna, Austria 


Eric Z Massanyi, MD 

Pediatric Urology 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Brian Matlaga, MD MPH 

Associate Professor 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Jeffrey K. Mullins, mp 

Resident, Urological Surgery 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Phillip M. Pierorazio, MD 

Chief Resident, Urological Surgery 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Ashley E Ross, MD, PhD 

Assistant Professor Urology, Oncology and 
Pathology 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


CONTRIBUTORS 


Michelle Jo Semins, Mp 
Assistant Professor in Urology 
University of Pittsburgh Medical Center 
Pittsburgh, PA, USA 


Varun Sharma MS, MCh (Urology) 

Assistant Professor 

Institute of Kidney Diseases and Research Centre 
Institute of Transplantation Sciences (IKDRC - ITS) 
Ahmedabad, Gujarat, India 


Debasish Sundi mp 

Resident 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Kristina D. Suson, MD 
Attending Physician, Pediatric Urology 
Children’s Hospital of Michigan 
Detroit, MI, USA 


Kenneth S Tseng, MD, MPH 

Resident 

The James Buchanan Brady Urological Institute and 
Department of Urology 

The Johns Hopkins School of Medicine 

Baltimore, MD, USA 


Robert M. Turner II, Mp 
Resident 

Department of Urology 
University of Pittsburgh 
Pittsburgh, PA, USA 


Preface to the First Edition 


Urology residency is challenging, both for the prodi- 
gious knowledge required to be a competent urolo- 
gist and for the paucity of time available to acquire 
it. Our intention in writing the Handbook of Urology 
is to distill pertinent topics to the bare essentials that 
can be easily digested in one night of reading. Urology 
trainees selected the content of each chapter, drawing 
upon their experiences during training. 

Each chapter is preceded by an abstract, a bulleted 
summary of key points, multiple choice questions 
and detailed answers, as well as key pitfalls and clini- 
cal vignettes. Important results from seminal clinical 
studies are included and should guide a more thor- 
ough review of the topic. As a result, I feel this book 
is an ideal reference for residents in urology and will 
also augment the in-service study material currently 
available. 


I am indebted to the exceptional residents and fel- 
lows of the The James Buchanan Brady Urological In- 
stitute and Department of Urology of the The Johns 
Hopkins School of Medicine, whose insightfulness 
and industry were critical to the preparation of this 
resource. 

Finally, I am grateful for the mentorship and ex- 
pertise of my co-editors, J. Kellogg Parsons, MD, and 
Misop Han, MD, without whom this book would not 
be possible. 


Jobn B. Eifler, M.D. 

Department of Urologic Surgery 
Vanderbilt University Medical Center 
Nashville, TN 

USA 


Section |nfections 


Mark W. Ball 


Infections of the urinary tract 


= The James Buchanan Brady Urological Institute and Department of Urology, The Johns Hopkins School of 


Medicine, Baltimore, MD, USA 


KEY POINTS 


e Urinary tract infections (UTIs) are commonly diagnosed 
maladies and account for a significant number of 
healthcare visits and dollars. 

Infections of the bladder include uncomplicated cystitis, 
complicated cystitis, pyocystis, and emphysematous 
cystitis. 


e Infections of the kidney include pyelonephritis, 
emphysematous pyelonephritis, xanthogranulomatous 
pyelonephritis, infected hydronephrosis, renal abscess and 
perinephric abscess. 

e Infections of the genitalia and reproductive organs include 
orchitis, epididymitis, prostatitis, and Fournier gangrene. 


CASE STUDY 


A previously healthy 27-year-old woman presents to the 
Emergency Department with fever to 39°C, tachycardia 
to 150 bpm, respirations of 25 breaths per minute, and 
a leukocytosis to 13,000 WBC. Urinalysis is significant 
for large leukocyte esterase, positive nitrite, and bac- 
teria are too numerous to count. CT of the abdomen 
and pelvis reveals a 6-mm left mid-ureteral stone with 
ipsilateral hydronephrosis and perinephric fat stranding. 


Nomenclature 


Urinary tract infection (UTI) refers to bacterial in- 
vasion of the urothelium causing an inflammatory 
response. When the site of infection is known, it is 
more informative to name the site of infection; in 
other words, cystitis should be used for bladder in- 
fection and pyelonephritis for kidney injection, rather 
than using the generic UTI. Bacteriuria, on the other 
hand, refers to the presence of bacteria in the urine, 
which may be either asymptomatic or associated with 


The patient is taken emergently to the operating room 
for left-sided ureteral stent placement. Upon cannulat- 
ing the ureter, purulent urine drains from the ureteral 
orifice. Postoperatively, the patient has a profound sys- 
temic inflammatory response syndrome (SIRS), requir- 
ing several days of mechanical ventilation, vasoactive 
infusions, and broad-spectrum antibiotics. She eventu- 
ally makes a full recovery. 


infection. Pyuria refers to the presence of white blood 
cells (WBCs) in the urine, which can occur in the set- 
ting of either infection or other inflammatory states 
(nephrolithiasis, malignancy, or foreign body). 


Epidemiology 
UTI is the most common bacterial infection, responsi- 


ble for at least 7 million office visits and 100,000 hos- 
pitalizations per year. Most infections are diagnosed 
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SECTION 1 INFECTIONS 


based on clinical symptoms and a suggestive urinaly- 
sis (UA). This algorithm, however, misses 20% of pa- 
tients who will have positive urine cultures and causes 
unnecessary treatment of 50% of patients who will 
not go on to have a positive urine culture. The bac- 
teria that most often cause UTIs are enteric in origin, 
with Escherichia coli being the most common [1]. 


Pathogenesis and basic science 


Infection of the urinary tract occurs as a complex 
interaction of both bacterial virulence factors and 
impaired host defense. Routes of entry into the 
genitourinary (GU) tract are (in order of frequency) 
ascending infection via the urethra, direct hematog- 
enous spread, and lymphatic spread. 

Bacterial virulence factors increase the infectivity of 
a bacterial inoculum. The ability of bacteria to adhere 
to vaginal and urothelial epithelial cells is necessary 
for an infection to develop. Type 1 pili are expressed 
by E. coli and adhere to uroplakins on umbrella cells 
of the bladder epithelium. Studies have shown that 
inoculation of the urinary tract with type 1 piliated 
organisms results in increased colonization with those 
organisms. P pili are bacterial adhesins that bind 
glycolipid receptors in the kidney. The P stands for 
pyelonephritis, designated because of the high per- 
centage of pyelonephrogenic E. coli that express these 
pili. Bacteria may downregulate the expression of pili 
once infection is established since pili increase phago- 
cytosis of the organisms. The ability of bacteria to 
regulate the expression of their pili is known as phase 
variation. 

Host defense factors decrease the likelihood of in- 
fection. Colonization of the vaginal introitus, urethra, 
and periurethral skin by non-uropathogenic bacteria 
provide a mechanical barrier to colonization. Normal 
voiding also washes away colonizing uropathogenic 
bacteria. There is genetic variation in the receptivity 
of epithelial cells to bacterial adhesion. There may 
be an association between adherence and a protec- 
tive effect of the HLA-A3 allele. Complicating factors 
that increase infection risk are due to obstruction, 
anatomic abnormality, and epithelial cell receptivity. 
Obstruction or urinary stasis can increase host suscep- 
tibility to UTIs. Calculus disease, vesicoureteral reflux, 
benign prostatic hypertrophy, and neurogenic bladder 
all increase the susceptibility of the host to UTIs [1]. 
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Interpreting the urinalysis 


While urine culture is the gold standard for diagnos- 
ing UTIs, it is a test that takes 1-2 days to provide 
results and potentially longer for antibacterial sensi- 
tivity analysis. UA is more expeditious and can sup- 
port the diagnosis made by history and physical. A 
UA often consists of two parts: a dipped UA and a 
microscopic UA. The dipped component tests for pH 
and the presence of leukocyte esterase (LE), nitrates, 
and blood. The microscopic component identifies red 
and white blood cells, red and white blood cells casts, 
granular casts, bacteria, and yeast. 

e Pyuria: >5 WBC/hpf 

e Leukocyte esterase (LE): an enzyme released by 
white blood cells. Positive LE correlates with pyuria 
e Nitrite: Urine contains nitrates from protein ca- 
tabolism. Gram-negative bacteria are able to reduce 
nitrate to nitrite creating a positive result. One nota- 
ble exception is pseudomonas which although gram- 
negative, is associated with negative nitrite on UA. 

A UA suggestive of infection typically has posi- 
tive LE, pyuria, microscopic hematuria, and bacteria. 
Nitrite is present with gram-negative infection. The 
presence of epithelial cells can indicate contamination 
with vaginal flora and should prompt repeat mid- 
stream collected urine after adequate cleaning [1]. 


Bladder infections 
Cystitis 


Cystitis, or infection of the bladder, may be classified as 
uncomplicated or complicated. Factors that make cysti- 
tis complicated are infections in a male, the elderly, chil- 
dren, diabetics, the immunosuppressed, in the presence 
of anatomic abnormality, during pregnancy, after recent 
instrumentation, in the presence of a urinary catheter, 
and after recent antimicrobials or hospitalization. The 
typical presentation of cystitis includes symptoms of 
dysuria, frequency, urgency, +suprapubic pain, and the- 
maturia. Notably, constitutional symptoms including 
fever and chills are usually absent. This history is crucial 
in making diagnosis since as many as 50-90% of pa- 
tients presenting with these symptoms will have cystitis. 
The diagnosis is supported by urinalysis findings of pyu- 
ria, bacteriuria, and the presence of nitrite and LE [1]. 
Treatment of uncomplicated UTI is dependent on 
availability, allergy, and local resistance patterns. The 


Infectious Diseases Society of America (IDSA) guide- 
lines recommend the following agents as first line: 
Nitrofurantoin macrocrystals 100 mg bid x 5 days, 
trimethoprim-sulfamethoxazole 160/800 mg bid x 
3 days, or fosfomycin 3 g single dose. Second-line 
agents include fluoroquinolones or beta-lactams. 
Knowledge of institutional and community antibio- 
grams should influence prescriber patterns [2]. 
Cystitis is considered complicated when it occurs 
in a compromised urinary tract. Treatment regimens 
are generally the same as for complicated UTI, but the 
duration is 7-14 days. Nitrofurantoin should not be 
used in complicated UTI as it has poor tissue penetra- 
tion. Additionally, modifiable factors such as removal 
of foreign bodies including stones and indwelling uri- 
nary catheters should be considered if clinically indi- 
cated. Indwelling catheters in place for over 2 weeks 
associated with UTI should be changed [3, 4]. 


Asymptomatic bacteriuria 


Asymptomatic bacteriuria is defined as bacteria in the 
urine in the absence of clinical signs of infection. It 
is more common in women than men, but increases 
in prevalence in both sexes with age. Patients with 
indwelling catheters, bladder reconstruction using 
bowel, and patients with neurogenic bladders almost 
always have bacteriuria. Asymptomatic bacteriuria 
should not be screened for nor treated with a few 
important exceptions. Pregnant women and patients 
undergoing urologic procedures should be screened 
and treated [5]. 


Recurrent UTI 


Unresolved UTI refers to an infection that has not 
responded to antimicrobial therapy. This commonly 
occurs because of resistant bacteria or can occur in 
the case of other unrealized complicating factors (see 
section Cystitis). 

Recurrent UTI is an infection that occurs after reso- 
lution of a previous infection. These infections may 
represent either reinfection or bacterial persistence. 
Reinfection designates a new event in which the same 
or different organism enters the urinary tract, or bac- 
terial persistence. Persistence, on the other hand, is 
when the same bacteria reappear from a nidus such as 
infected stone or hardware. Reinfection is responsible 
for 80% of recurrent UTIs [1]. 


CHAPTER 1 INFECTIONS OF THE URINARY TRACT 


Pyocystis 


Pyocystis is a condition in which purulent material 
is retained in the bladder. Typically, the bladder is 
defunctionalized as a result of urinary diversion or 
hemodialysis. Presenting symptoms include purulent 
discharge, fever, or suprapubic pain. Treatment begins 
with placing a catheter to drain the purulent mate- 
rial and antibiotics. Oral antibiotics may be used in 
nonseptic patients, while intravenous (IV) antibiotics 
should be chosen in ill patients. Additionally, intra- 
vesical instillation of an antibiotic or antiseptic may 
be considered as well as periodic self-catheterization 
and saline irrigation. Refractory cases warrant more 
aggressive management—including cystectomy, blad- 
der sclerosis, or surgically created fistula (vaginal or 
perineal vesicostomy) [1]. 


Emphysematous cystitis 


Emphysematous cystitis is a rare type of cystitis in 
which gas is found within the wall of the urinary 
bladder. It is caused by infection with gas-forming 
bacteria and most often presents in diabetics and 
elderly patients. Symptoms are essentially the same as 
in typical cystitis, and treatment consists of culture- 
specific antibiotics. This condition must be distin- 
guished from air within the lumen of bladder, which 
is much more common, and often caused by urinary 
tract instrumentation, indwelling Foley catheter, or by 
colovesical or enterovesical fistula [1]. 


Kidney 
Acute pyelonephritis 


Diagnosis and workup 

Acute pyelonephritis is a renal parenchymal infec- 
tion that is usually caused by ascending infection 
from the bladder. Escherichia coli is the most com- 
mon organism. The classic presentation is acute onset 
of fever, chills, and flank pain; however, presenta- 
tion is variable and there is no sine qua non to make 
the diagnosis. Abdominal pain, nausea or vomiting 
often accompanies the condition. Physical examina- 
tion often reveals costovertebral angle tenderness. 
Laboratory tests often reveal an elevated serum WBC 
count, while UA findings are similar to those found in 
acute cystitis. Figure 1.1 shows classic radiographic 
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SECTION 1 INFECTIONS 


Figure 1.1 CT of pyelonephritis. Contrast CT of the 
abdomen and pelvis demonstrating enlarged right kidney 
with wedge-shaped areas of low attenuation, giving a 
“moth-bitten appearance” consistent with pyelonephritis. 
Right ureteral stent in place. 


signs of acute pyelonephritis, including enlarged kid- 
ney, wedge-shaped areas of low attenuation giving a 
“moth-bitten appearance,” and asymmetrical nephro- 
gram [1]. 


Treatment 

Treatment is dependent upon the severity of illness 
and comorbidities. Patients who are nonseptic and 
can tolerate oral antibiotics may be treated empiri- 
cally with a fluoroquinolone as an outpatient after 
urine culture is obtained. Most patients will improve 
within 72 hours of antimicrobial initiation. Failure to 
improve warrants more aggressive therapy with hos- 
pitalization and broad spectrum antibiotics initiated 
if culture data are not available. Additionally, radio- 
logic investigation is indicated to rule out obstruction 
or development of an abscess. Abscesses may require 
drainage, and obstruction should be relieved with a 
ureteral stent or percutaneous nephrostomy tube. 

In septic patients, blood and urine cultures should 
be obtained and intravenous antibiotics should be 
initiated. Common regimens include third-generation 
cephalosporins (e.g., ceftriaxone), fluoroquinolones 
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(e.g., levofloxacin or ciprofloxacin), or ampicillin 
plus gentamicin. Early radiologic investigation is 
warranted in these patients as well [1, 2]. 


Chronic pyelonephritis 


Chronic pyelonephritis is an often asymptomatic con- 
dition caused by multiple bouts of acute pyelonephri- 
tis. It can result in renal insufficiency. The diagnosis 
is made with imaging, which demonstrates atrophic, 
scarred, and pitted kidneys. Management is to treat 
active infection and prevent future infections. The 
condition is rare in patients without underlying uri- 
nary tract disease but may occur in vesicoureteral re- 
flux and other abnormalities [1]. 


Emphysematous pyelonephritis 


Emphysematous pyelonephritis is an acute, necrotizing 
infection of the renal parenchyma resulting from infec- 
tion with gas-producing organisms. It is more common 
in diabetic patients and in the presence of obstruction. 
Diagnosis is made by cross-sectional imaging, demon- 
strating air in the renal parenchyma. Treatment consists 
of IV antibiotics, relief of any obstruction, supportive 
care, and often nephrectomy. Despite aggressive treat- 
ment, the mortality rate is over 50% [1]. 


Renal abscess 


Renal abscess (or renal carbuncle) is a collection of 
purulent material within and confined to the paren- 
chyma. Gram-negative organisms from ascending 
infection are the most common causative organisms. 
Hematogenous spread can also occur and gram-positive 
organisms are often isolated in this mechanism. Risk 
factors include diabetes mellitus and recurrent UTIs. 
Presentation begins identical to pyelonephritis, but 
it does not respond to typical antimicrobial therapy. 
Failure to respond after 72 hours of therapy warrants 
imaging to rule out an abscess [1]. 

Treatment is directed by abscess size. Lesions of any 
size require parenteral antibiotics. Abscesses less than 
3 cm may be observed in the patients that are not im- 
munocompromised or severely ill. Abscesses, 3-5 cm, 
along with small abscesses that fail conservative ther- 
apy necessitate percutaneous drainage. Abscess great- 
er than 5 cm and others failing percutaneous drainage 
may require surgical drainage [6]. 


Perinephric abscess 


Perinephric abscess is a collection of purulence out- 
side the kidney parenchyma but inside Gerota’s fascia. 
Gram-negative organisms are usually causative, with 
E. coli being the most common. Clinical presentation, 
diagnosis, and treatment are similar to parenchymal 
infection. Up to 50% of blood cultures will be positive. 

Treatment of perinephric abscess almost always 
requires drainage. Percutaneous drainage should be 
considered first line for smaller lesions. Larger abscess 
or those associated with a nonfunctioning kidney may 
require nephrectomy [1]. 


Infected hydronephrosis 


Infected hydronephrosis is an infection in an 
obstructed, hydronephrotic kidney. It is a urologic 
emergency. Patients are typically very ill, often in uro- 
sepsis, with flank pain. It can lead to pyonephrosis or 
suppurative damage to renal parenchyma. Treatment 
consists of broad spectrum antibiotics and emergent 
drainage with either retrograde ureteral stent or 
percutaneous nephrostomy tube. In decompensating 
patients, percutaneous nephrostomy is preferred given 
that it may be performed under less sedation, and to 
avoid high pressure from irrigation on the collecting 
system. Drainage should be followed by 10-14 day 
course of culture-specific antibiotics [1, 7]. 


Xanthogranulomatous pyelonephritis 


Xanthogranulomatous pyelonephritis (XGP) is a 
chronic, destructive renal infection. It is often asso- 
ciated with unilateral obstructing calculi. The end 
result is an enlarged, nonfunctioning kidney. The 
differential diagnosis includes renal cell carcinoma; 
consequently, this entity must be ruled out. The 
pathognomonic feature at the cellular level is the 
presence of lipid-laden macrophages. Treatment of- 
ten requires nephrectomy [1]. 


Prostate 
Prostatitis 


The most common urologic diagnosis in men 
younger than 50 years is prostatitis and is most 
prevalent in men between aged 20 and 49 years. 
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Enterobacteriaceae and Enterococci are the two most 
common pathogens. The NIH classifies prostatitis 
into four categories. 


Category I: Acute bacterial prostatitis 

Patients with acute bacterial prostatitis present with 
lower urinary tract symptoms, including dysuria, 
frequency and urgency, and often obstruction. It typi- 
cally is associated with a profound systemic inflam- 
matory response, including fever, chills, and malaise. 
Systemic symptoms include fever, chills, or perineal 
pain. Digital rectal examination demonstrates a 
swollen, exquisitely tender prostate. 

Treatment should be tailored to cultures. Fluoro- 
quinolones may be empirically started with duration 
of 4-6 weeks. Bladder obstruction has classically been 
treated with a suprapubic cystostomy tube, since in- 
dwelling Foley catheters are through to cause further 
obstruction of urethral ducts. However, straight cath- 
eterization to relive the initial obstruction is an ap- 
propriate first step [8]. 


Category II: Chronic bacterial prostatitis 

The hallmark of chronic bacterial prostatitis is a his- 
tory of recurrent UTIs. The traditional classification 
of chronic prostatitis relied on the Meares—Stamey 
four-glass test. This technique consists of collecting 
four samples of urine to distinguish urethral, bladder, 
and prostate infection. The voided bladder 1 (VB1) 
specimen is the first 10 mL of urine, representing the 
ureteral specimen. Voided bladder 2 (VB2) is a mid- 
stream specimen, representing the bladder specimen. 
Next, the prostate is massage, and the expressed pro- 
static secretions (EPSs) are collected. Finally, voided 
bladder 3 (VB3) is the first 10 mL of urine after mas- 
sage. Each specimen is analyzed for leukocytes and 
microbes, as well as sent for culture. Alternatively, a 
two-cup test has been proposed that consists of col- 
lecting urine before and after massage. Chronic bac- 
terial prostatitis will have both WBCs and positive 
cultures in both the EPS and VB3 specimens [8]. 


Category III: Chronic pelvic pain syndrome 

Patients with chronic pelvic pain syndrome (CPPS) 
present with pain lasting greater than 3 months. 
The pain is most often in the perineum. Men often 
complain of pain associated with ejaculation. This 
category is subdivided into inflammatory (Ma) and 
noninflammatory (IIIB) CPPS. This is distinguished by 
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the four-glass test that demonstrates WBCs in the EPS 
and VB3 in category IIIA, and no WBC in IIIB. Cul- 
tures are negative for both. More information about 
chronic pelvic pain can be found in Chapter 15 [8]. 


Category IV: Asymptomatic inflammatory prostatitis 
This classification is reserved for asymptomatic 
patients who are found to have inflammation inci- 
dentally during prostate biopsy or fertility workup. 
Treatment is not warranted unless treating an elevat- 
ed prostate-specific antigen (PSA) with a trial of anti- 
microbials [8]. 


Prostate abscess 


Prostate abscesses typically evolve from cases of acute 
bacterial prostatitis. An abscess should be suspected 
when a patient with acute prostatitis fails to respond 
to antimicrobial therapy. The diagnosis is confirmed 
with transrectal ultrasound or computed tomography 
(CT). Treatment involves drainage of the abscess by 
one of several methods. Classically, transurethral inci- 
sion has been used for most prostatic abscess, though 
transperineal incision and drainage may be required 
for abscesses that extend beyond the prostatic cap- 
sule. Percutaneous drainage may also be employed to 
drain a prostatic abscess and may offer a less morbid 
approach [8]. 


Testis and epididymis 


Orchitis often presents with associated epididymitis, 
or epididymo-orchitis. The presence of orchitis alone 
suggests viral infection, such as mumps orchitis. More 
commonly, the combined epididymo-orchitis usually 
occurs via retrograde spread of bacteria through the 
ejaculatory ducts and vas deferens into the epididymis. 
The original source is often the bladder, urethra, or 
prostate. In prepubescent patients, a chemical etiol- 
ogy is more common than an infectious etiology and 
is related to the reflux of urine up the genital tract 
in dysfunctional voiders. In adults younger than 
35 years, the most common cause of epididymitis is 
sexually transmitted infection, most common Neisse- 
ria gonorrhoeae and Chlamydia trachomatis. In men 
older than 35 years, the source is often coliform bac- 
teria that have colonized the bladder or prostate, with 
E. coli being the most common. 
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Clinical presentation reveals tender epididymis 
and testis. The spermatic cord is often tender as well. 
Radiographic presentation with ultrasound demon- 
strates increased vascularity in the epididymis, testis, 
or both. Ultrasound should be obtained when the 
diagnosis is unclear to rule out torsion, which has 
decreased or no flow, as well as malignancy. Untreat- 
ed epididymitis sometimes progresses to a paratesticu- 
lar abscess or pyocele. Figure 1.2 demonstrates the 
appearance of pyocele on ultrasound. This requires 
open incision and drainage [8]. 


Treatment 

Treatment of isolated orchitis is mainly supportive— 
scrotal support, bed rest, antipyretics. Antimicrobials 
may be used when a bacterial origin is presumed with 
fluoroquinolones being the agent of choice. There is 
no antiviral regimen for mumps orchitis. Treatment of 
epididymitis is dependent on age. The Center for Disease 
Control and Preventions guidelines recommend ceftriax- 


Figure 1.2 Ultrasound of pyocele. Scrotal ultrasound 
demonstrating heterogenous collection adjacent to testis 
found to be pus upon scrotal exploration. 


one and doxycycline for men younger than 35 years and 
levofloxacin or ofloxacin for men older than 35 years. 
The antibiotic course is typically 10 days but may be 
longer if concomitant prostatitis is suspected [8]. 


Special infections 
Genitourinary tuberculosis 


While tuberculosis (TB) is most commonly a pulmonary 
process, 10% of cases occur in extrapulmonary sites. 
Of these, 30-40% of extrapulmonary TB occurs in the 
GU tract. Seeding of the GU tract occurs via hematog- 
enous spread from the alveoli to hilar lymph nodes to 
the blood stream. The primary landing site is the kidney 
due to its high vascularity. Downstream infection of the 
bladder and urethra can occur. The epididymis may 
also be seeded due to hematogenous spread [9]. 


Fournier gangrene 
Fournier Gangrene is necrotizing fasciitis of the 


perineum. It is a rapidly progressive, potentially 


Table 1.1 Common antimicrobials 
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life-threatening infection that is usually polymicro- 
bial, consisting of gram-positive, gram-negative, and 
anaerobic bacteria. Because of the high morbidity 
and mortality (16-40%) associated with the infec- 
tion, it must be ruled out in every case of soft tissue 
infection of the genitalia. Diabetes mellitus, periph- 
eral vascular disease, alcoholism, and malnutrition 
are risk factors. Examination may demonstrate cel- 
lulitis, blisters, or frankly necrotic areas. Pain out of 
proportions to visible infection may indicate more 
extensive underlying infection. Treatment includes 
broad-spectrum parenteral antibiotics and extensive 
surgical debridement [1, 9]. 


Antimicrobial therapy 


The goal of antimicrobial therapy is to eliminate mi- 
crobial growth in the urinary tract. Table 1.1 lists the 
most common antibiotics used to treat infections of 
the urinary tract, along with the mechanism of action, 
spectrum, and common adverse reactions of each 
drug. Institutional antibiograms and regional resist- 
ance patterns should guide antimicrobial therapy [1]. 


Antimicrobials Mechanism of Action Spectrum Adverse reactions/Cautions 
Beta-lactams Inhibition of bacterial cell Streptococcus, e PCN allergy cross-reactivity 
wall synthesis Staphylococcus e High prevalence of E. coli resistance in 
saprophyticus, some regions 


Cephalosporins 


Inhibition of bacterial cell 
wall synthesis 


Enterococcus, Escherichia 
coli, Proteus 


Spectrum by generation: 

1st: Streptococcus, 
methicillin-sensitive 
Staphylococcus aureus, 
some gram-negative rods 

2nd: Strep, some gram- 
negative rods, some 
anaerobes. 

3rd: Strep, most gram- 
negative rods, moderate 
Pseudomonas 

4th: Most gram-negative 
rods, and good 
pseudomonal coverage 


e Disruption of normal vaginal flora 

e Frequent gasterointestinal intolerance 
and diarrhea 

e Acute interstitial nephritis 


10% cross-reactivity with PCN allergy 


Synergistic toxicity with 
aminoglycosides 


(continued) 
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Table 1.1 (Continued) 


Antimicrobials Mechanism of Action Spectrum Adverse reactions/Cautions 
Trimethoprim/ Inhibition of bacterial folic Streptococcus, e Interacts with Coumadin to prolong 
sulfamethoxazole acid metabolism required Staphylococcus, gram- INR 
(TMP/SMX) for DNA synthesis. negative rods (not e May be associated with hematological 
Pseudomonas), and abnormalities (especially in G6PD and 
atypical Mycobacteria AIDS), nephrotoxicity, hepatotoxicity, 
and Stevens-Johnson syndrome 
e Avoid in pregnancy 
Nitrofurantoin Inhibits multiple bacterial e E. Coli and e Neurotoxicity 
enzymes. Sterilizes urine S. saprophyticus e Pulmonary fibrosis, interstitial 
without affecting GI or e Achieves high urinary pneumonitis 
vaginal flora levels but poor e Hematologic abnormalities and 
tissue penetration— frequent GI intolerance 
contraindicated in e Requires longer treatment course 
pyelonephritis. (7 days instead of 3) 
e Avoid in G6PD, renal failure 
Aminoglycosides Inhibition of protein Gram-negative rods e Ototoxicity (usually irreversible) 
synthesis including e Nephrotoxicity (usually reversible, 
Pseudomonas nonoliguric ARF after 5-10 days) 
e Avoid in pregnancy 
e Neuromuscular blockade (rare) 
e Once-daily dosing has less 
nephrotoxicity but similar ototoxicity 
Fluoroquinolones Inhibition of DNA gyrase Gram-positives, most gram- © Avoid during pregnancy and in children 
negative rods including e May cause false-positive urine opiate test 
Pseudomonas, e Peripheral neuropathy (rare) 
N. gonorrhoeae e Tendonitis/tendon rupture 
Vancomycin Inhibition of bacterial Gram-positives, including e Nephrotoxicity & ototoxicity 
cell wall MRSA e “Red-man syndrome”: caused by 
histamine release caused by rapid 
infusion. 
Causes erythematous rash of the face, 
neck, or torso with pruritus. Severe 
cases cause hypotension 
Clindamycin Inhibition of protein Gram-positives (including e Association with Clostridium difficile 
synthesis MRSA) and anaerobes colitis 
WHAT TO AVOID KEY WEB LINKS 


e Avoid initiating antimicrobial therapy before obtain- 
ing cultures, except in cases where treatment delay 
could lead to patient harm. 

e Avoid prescribing antimicrobials without considering 
renal or hepatic dose adjustments, drug interactions, 
and/or potential drug toxicities. 

e Avoid the overuse and misuse of antimicrobials which 
can lead to bacterial resistance. 


Johns Hopkins Antibiotic Guide 
http://www.hopkinsguides.com/hopkins/ub/index/ 
Johns_Hopkins_ABX_Guide/All_Topics/A 


Infectious Disease Society of America Practice 
Guidelines 
http://www.idsociety.org/IDSA_Practice_Guidelines/ 


American Urological Association Clinical Guidelines 
http://www.auanet.org/content/clinical-practice-guidelines 
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Multiple choice questions 


1 Which of the following antimicrobials is not ap- 
propriate in the treatment of pyelonephritis? 

a Ciprofloxacin 

b  Nitrofurantoin 

c Ceftriaxone 

d Trimethoprim/Sulfamethoxazole 


2 Which of the following is the mechanism of action 
of levofloxacin? 

a Inhibition of cell wall synthesis 

b Inhibition of DNA gyrase 

c Inhibition of protein synthesis 

d Inhibition of folic acid synthesis 
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Answers to multiple choice questions 


1 Nitrofurantoin is not appropriate for the treatment 
of pyelonephritis. The drug does not reach adequate 
tissue levels to irradiate parenchymal infection. 

2 Fluoroquinolones inhibit the enzyme DNA gyrase, 
blocking the unzipping of double stranded DNA 
required for DNA replication. 
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KEY POINTS 


Antimicrobial prophylaxis is the administration of an 
antimicrobial agent before and for a limited duration 
after the procedure to prevent local or systemic 
infection. 

The risk of developing a surgical site infection is 
moderated by patients’ past medical/surgical history, 
characteristics of the disease for which the procedure 
is being performed, and the technical details of the 
procedure itself. 

Ideal antimicrobial agents for procedural prophylaxis 
include agents that are efficacious against potential 


infecting bacteria, achieve acceptable blood and tissue 
concentrations, and are cost-effective. 

Antimicrobial agents should be administered within 
30-60 minutes of incision or initiation of endoscopy. 
Vancomycin and fluoroquinolones should be administered 
within 120 minutes of incision. Prophylaxis is generally 
not extended past skin closure. 

Patients with total joint replacements may be at increased 
risk for hematogenous joint infections, and should be 
considered for additional prophylaxis after considering 
characteristics of the patient and the procedure. 


CASE STUDY 1 


A 45-year-old male presents to the operating theater to 
undergo left radical nephrectomy for an 8 cm hilar mass 
of the left kidney. His past medical history includes hyper- 
tension, hyperlipidemia, obesity (BMI = 32), and a smok- 
ing history. He has had no previous surgeries and has no 
known drug allergies. 


His surgery is considered a clean procedure and he has 
a risk factor increasing his risk for a surgical site infection 
(smoking). Therefore, in accordance with the AUA Best 
Practice Guideline, he should receive antimicrobial proph- 
ylaxis. The ideal agent in this case would be a single dose 
of a first-generation cephalosporin. 


CASE STUDY 2 


A 68-year-old male was recently diagnosed with Gleason 
3+ 4=7 adenocarcinoma of the prostate. After consider- 
ing his various treatment options, he elected open radical 
retropubic prostatectomy. His past medical history is sig- 
nificant only for gastroesophageal reflux disease. He has 
had no previous surgeries and does not smoke. He has an 
allergy to penicillin which causes anaphylaxis. 


Radical retropubic prostatectomy involves entry into 
the urinary tract and is considered a clean—contaminated 
case. All patients undergoing these procedures should 
receive antimicrobial prophylaxis. Given his severe peni- 
cillin allergy he should receive a single dose of ampicillin/ 
sulbactam or a fluoroquinolone. 
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CASE STUDY 3 


An 81-year-old woman was diagnosed with a 1 cm left 
proximal ureteral stone after presenting to the emergency 
room with hematuria and left flank pain. She has no evi- 
dence of urinary tract or systemic infection. She was ad- 
mitted to the hospital for pain control, and is scheduled 
for left ureteroscopy and laser lithotripsy of her stone. 
Past medical history is notable for hypertension, insulin- 
dependent diabetes mellitus, osteoarthritis, and coronary 
artery disease. She has a history of a total knee replace- 
ment 18 months ago. She has no other past medical history 
and is a nonsmoker. She has no allergies. 


This woman has a total joint prosthesis and is undergo- 
ing a urologic procedure. The patient is at risk for hema- 
togenous total joint infection given her diabetes and recent 
joint replacement (<2 years). Furthermore, she is undergo- 
ing a procedure with stone manipulation, which is consid- 
ered to be a high-risk procedure for bacteremia. Therefore, 
she should receive antimicrobial prophylaxis to prevent 
hematogenous infection of her joint prosthesis. Acceptable 
agents would be a parenteral fluoroquinolone or ampicil- 
lin plus gentamicin. 


Introduction 


Infections occurring after surgery in the location of 
the body where the surgery was performed have been 
described as surgical site infections (SSI). These infections 
represent a major health concern in the United States, 
accounting for up to 20% of all healthcare-acquired infec- 
tions and costing up to $10 billion annually [1, 2]. Rates 
of SSI are modulated by both risk factors germane to the 
patient as well as procedure-specific characteristics. Both 
meticulous adherence to sterile technique and appropriate 
procedural antimicrobial prophylaxis have been shown 
to reduce the risk of SSI. Despite the availability of pro- 
cedure-specific antimicrobial prophylaxis guidelines in 
multiple specialties, there is wide variability in provider 
compliance to these recommendations [3]. In response to 
this, multiple medical societies and individual institutions 
have issued statements and guidelines on antimicrobial 
prophylaxis in an effort to improve patient safety. 

In 2011, the American Urological Association (AUA) 
issued a Best Practice Statement on antimicrobial 
prophylaxis for urologic procedures providing pro- 
cedure-specific recommendations for antimicrobial 
prophylaxis [4]. The following chapter discusses the 
risk factors for SSIs, the basic principles of antimicro- 
bial prophylaxis, and AUA guidelines for antimicrobial 
prophylaxis for common urologic procedures. 


Risk factors for infection 
Host factors 


Host factors are patient characteristics that (1) 
increase the risk of developing a SSI, (2) increase the 
negative sequelae of a SSI, and/or (3) increase the 


concentration or alter the flora of potential infec- 
tious organisms (Table 2.1) [4, 5]. These factors 
often exist along a spectrum and several may exist 
within the same patient. Therefore, careful consid- 
eration of the patient, their various comorbidities, 
and the proposed surgical procedure is imperative 
when determining a patient’s risk for developing 
a SSI. 


Surgical factors 


Procedures are typically classified as clean, clean- 
contaminated, contaminated, or dirty. Definitions for 
the various procedures are listed in Table 2.2 [6]. The 
rates of infection increase with the amount of con- 
tamination present. A contemporary series estimated 
the risk of SSI after a clean, clean—contaminated, and 


Table 2.1 Host factors increasing the risk of surgical 
site infection 


Advanced age 

Anatomic anomalies 

Poor nutritional status 

Smoking 

Chronic corticosteroid use 
Immunodeficiency 

Chronic indwelling hardware 

Infected endogenous/exogenous material 
Distant coexistent infection 

Prolonged hospitalization 


Source: Schaeffer AJ and Schaeffer EM. Infections of the urinary 
tract. In:. AJ Wein, LR Kavoussi, AC Novick, AW Partin, CA Peters, 
editors. Campbell-Walsh Urology, 9th ed., Vol. 1. Philadelphia, PA: 
Saunders-Elsevier; 2007; pp. 223-303. 
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Table 2.2 Surgical wound classification [6] 


Classification Description 


Clean 
Clean-contaminated 


Contaminated 


Uninfected operative site, with primary skin closure. 
Entry into respiratory, alimentary, genital, or urinary tracts. 


Fresh accidental wounds, major break in sterile technique, gross spillage from 


gastrointestinal tract, or presence of acute but nonpurulent inflammation at the 


operative site. 


Dirty—infected 


Old accidental wound with devitalized tissue or presence of clinical infection or 


perforated viscera at the operative site. This definition implies that organisms that might 


cause postoperative infection were present at the operative site before surgery. 


contaminated surgery as 1.2%, 7.8%, and 23.4%, 
respectively [7]. All GU procedures that enter the uri- 
nary tract are considered clean-contaminated. 


Basic principles of antimicrobial 
prophylaxis 


Definitions 


There is an important distinction between antimi- 
crobial prophylaxis and antimicrobial treatment. 
Antimicrobial prophylaxis is the administration of an 
antimicrobial agent before and for a limited duration 
after the procedure to prevent local or systemic infec- 
tion. In contrast, antimicrobial treatment is therapy 
for an established local or systemic infection directed, 
ideally, at culture-documented organisms [4, 5]. 


General guidelines 


According to the AUA Best Practice Statement, anti- 
microbial prophylaxis is indicated “only when the 
potential benefit exceeds the risks and anticipated 
costs” [4]. The benefit of antimicrobial prophylaxis 
is the prevention of SSIs, which have been associated 
with adverse patient outcomes and increased health- 
care costs [8, 9]. The cost of antimicrobial prophy- 
laxis includes financial, personal health, and public 
health costs. The financial cost is influenced by the 
agent chosen and the duration of administration. Per- 
sonal health risks include allergic reactions and altera- 
tions of normal intestinal flora, predisposing patients 
to opportunistic infections (i.e., Clostridium difficile). 
Finally, public health risks of inappropriate antimicro- 
bial prophylaxis include changes in bacterial resistance 
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patterns within the community and the emergence of 
multidrug-resistant organisms. In general, the AUA 
recommends using the least expensive agent that is 
efficacious for the potential putative organisms for the 
shortest duration possible [4]. 


Administration 


In patients where antimicrobial prophylaxis is indi- 
cated, correct administration depends on choosing 
the correct agent and administering it at the appropri- 
ate time. Choosing an appropriate agent for antimi- 
crobial prophylaxis is dependent upon the procedure 
and the properties of the drug. The antimicrobial 
agent must be efficacious against potential infectious 
organisms, including gram-positive bacteria on the 
skin, gram-negative bacteria when the urinary tract 
is entered, and anaerobic bacteria when the gastroin- 
testinal tract is entered. Furthermore, the agent must 
achieve tissue levels that exceed the minimal inhibi- 
tory concentration for these organisms, and must 
maintain these levels for a period during which the 
case can be completed [4]. 

Antimicrobial prophylaxis should be given within 
60 minutes of surgical incision (or initiation of endos- 
copy). Intravenous fluoroquinolones and vancomycin 
are an exception to this rule and should be given with- 
in 120 minutes of incision. The antimicrobial agent 
should be redosed during the procedure if the pro- 
cedure exceeds two half-lives of the given agent [4]. 


Duration of prophylaxis 


It is generally not recommended that antimicro- 
bial prophylaxis be extended past skin closure or 
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cessation of endoscopy. Continuation of antimicro- 
bial prophylaxis may be considered in the presence 
of an existing infection, placement of indwelling pros- 
thetic material, and manipulation of an indwelling 
urinary catheter [4]. There is little literature provid- 
ing guidance for the appropriate duration of antimi- 
crobial prophylaxis when placing a prosthetic device 
(i.e., penile prosthesis or artificial urinary sphincter), 
and practices vary between operating urologists. In 
the presence of an existing infection or a colonized 
indwelling urinary catheter, every effort should be 
made to treat the infection prior to surgery. However, 
oftentimes this is not practical, and the goal of pre- 
operative therapy is to suppress bacterial counts to 
minimize systemic spread of the infection periopera- 
tively. Postoperatively, patients should be treated with 
an appropriate therapeutic course of a culture-specific 
antimicrobial. In the absence of a preexisting infec- 
tion there is no evidence to suggest that antimicro- 
bial prophylaxis should be extended solely due to the 
placement of a urinary catheter. 


Procedure-specific recommendations 


The section below details the use of antimicrobial 
prophylaxis for common genitourinary procedures. 
Within each section, the AUA Best Practice Guidelines 
are denoted in bold text. Several procedures refer to 
patients with risk factors. These risk factors are listed 
in Table 2.1. 


Placement and removal of urinary catheters 


In general, antimicrobial prophylaxis is not recom- 
mended for patients undergoing urethral catheteriza- 
tion. The rate of urinary tract infections (UTIs) after 
a one-time catheterization in healthy women has been 
reported as <2% [10, 11]. However, this risk may be 
greatly increased in hospitalized patients and those with 
risk factors for developing a UTI. Therefore, in hospi- 
talized patients and those with risk factors (Table 2.1) 
one may consider oral trimethoprim-sulfamethoxazole 
(TMP-SMX) or a fluoroquinolone for prophylaxis [5]. 
No guidelines for routine urethral catheterization are 
provided by the AUA Best Practice Statement. 

The rate of colonization of external urinary cath- 
eters has been reported as 5-10% per day of cath- 
eterization [12-14]. Despite this high rate of coloni- 


zation, prophylactic antibiotics are not recommended 
for the duration of the catheterization given concerns 
about the effectiveness of this strategy and the pro- 
motion of resistant strands of bacteria [15]. However, 
in patients undergoing catheter removal after a pro- 
longed catheterization, consideration should be given 
to antimicrobial treatment at the time of catheter 
removal. In fact, two randomized control trials found 
that cefotaxime administered before catheter removal 
after a transurethral procedure significantly reduced 
postoperative complications compared to controls 
who did not receive antibiotics before catheter re- 
moval [16, 17]. Given this data, it is recommended 
that antimicrobial prophylaxis be given at the time 
of catheter removal in patients with risk factors [4]. 
Alternatives to this approach include antimicrobial 
treatment directed at culture-specific bacteria or no 
antibiotics in the case of a negative urine culture. 


Cystography and urodynamics 


The evidence on the need for antimicrobial prophylaxis 
in these, typically outpatient procedures, is conflicting. 
On the one hand, a randomized control trial demon- 
strated a reduction in rates of posturodynamic UTIs 
from 14% to 1% with the use of a single dose of an 
oral fluoroquinolone [18]. However, other randomized 
control trials have demonstrated no benefit to antimi- 
crobial prophylaxis when performing urodynamics 
[19, 20] or cystography [21]. Therefore it is currently 
recommended that patients with risk factors undergo 
antimicrobial prophylaxis prior to these procedures [4]. 


Transrectal prostate biopsy 


Four separate randomized control trials have demon- 
strated a reduction in infection-related complications 
after transrectal prostate biopsy with the use of anti- 
microbial prophylaxis versus control [22-25]. Fur- 
thermore, these studies have shown that single-day or 
single-dose regimens of prophylaxis are as efficacious 
as antimicrobial prophylaxis spanning several days. 
Therefore, antimicrobial prophylaxis is indicated in 
all patients undergoing transrectal prostate biopsy[4]. 


Extracorporeal shock-wave lithotripsy 


The reported rates of UTIs after shock-wave 
lithotripsy (SWL) range from 0% to28% [5]. A 
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meta-analysis assessing relevant randomized con- 
trol trials demonstrated a significant reduction of 
bacteriuria after SWL with the use of antimicrobial 
prophylaxis (5.7% vs. 2.1%) [26]. Therefore, anti- 
microbial prophylaxis is indicated in all patients 
undergoing SWL [4]. 


Cystourethroscopy with and without manipulation 


Endoscopic procedures of the lower urinary tract can 
be considered as those with and without tissue manipu- 
lation. Simple cystourethroscopy, in which there is no 
tissue manipulation, has a 2-8% rate of culture-proven 
postprocedural UTIs without prophylaxis [27, 28]. In 
fact, two separate randomized control trials demon- 
strated significant reductions in the incidence of post- 
procedure positive urine cultures compared to placebo 
in patients receiving antimicrobial prophylaxis with 
either parenteral gentamicin (21% vs. 5%) [29] or 
oral TMP or Ciprofloxacin (9% vs. 5% vs. 3%) [30]. 
However, these findings have not been demonstrated in 
all studies. Therefore, it is recommended that patients 
with risk factors receive antimicrobial prophylaxis 
before simple cystourethroscopy [4]. 

Endoscopic procedures of the lower urinary tract 
with manipulation include, but are not limited to 
transurethral resection of the prostate (TURP), laser 
vaporization of the prostate, transurethral resection 
of bladder tumors (TURBT), cystolitholapaxy, direct 
vision internal urethrotomy, and foreign body retrieval. 
Extrapolating from data on TURP and TURBT which 
unequivocally show a reduction in bacteriuria and 
sepsis with antimicrobial prophylaxis versus control 
[31, 32], it is recommended that all patients undergoing 
these procedures receive antimicrobial prophylaxis [4]. 


Ureteroscopy 


The incidence of bacteremia after routine ureteros- 
copy without antimicrobial prophylaxis has been esti- 
mated to be as high as 30%. This may cause a febrile 
UTI in up to 25% of patients undergoing ureteros- 
copy [33]. Given these data, it is not surprising that 
a randomized control trial of an oral fluoroquinolone 
versus no prophylaxis demonstrated a significant 
decrease in the incidence of postoperative bacteremia 
(2% vs. 13%) [34]. Therefore, it is recommended that 
all patients undergoing ureteroscopy receive antimi- 
crobial prophylaxis [4]. 
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Percutaneous renal surgery 


There is a reported 35% incidence of postoperative 
UTIs after percutaneous renal surgery even in the 
setting of a sterile preoperative urine culture [35]. 
Therefore, despite the lack of randomized data, it 
is recommended that all patients undergoing per- 
cutaneous renal surgery undergo antimicrobial 
prophylaxis [4]. 


Vaginal surgery 


There is a paucity of data on vaginal urologic 
surgery and antimicrobial prophylaxis. How- 
ever, a recent meta-analysis on the use of anti- 
biotic prophylaxis prior to vaginal hysterectomy 
unequivocally demonstrated a reduction in pelvic 
infections with the use of antimicrobial prophy- 
laxis [36]. It is recommended that all patients 
undergoing a vaginal urologic surgery receive 
antimicrobial prophylaxis [4]. 


Open or laparoscopic procedures without entry 
into genitourinary tract 


Urologic procedures on noninfected structures that 
do not enter the genitourinary or gastrointestinal 
tract are considered clean procedures. Studies on 
radical nephrectomy have shown a significant benefit 
to prophylaxis with a first-generation cephalosporin 
versus no prophylaxis [37, 38]. However, there is a 
robust body of literature on nonurologic clean pro- 
cedures which have mixed results regarding the effi- 
cacy of antimicrobial prophylaxis. Therefore, it is 
recommended that patients with risk factors receive 
prophylaxis [4]. 


Entry into genitourinary tract 


Urologic procedures with controlled entry into the 
urinary tract are considered clean—contaminated 
cases. Rates of febrile UTIs after such procedures 
have been reported to range from 5% to 10% [34]. 
Furthermore, a randomized control trial demon- 
strated a significant reduction in postradical pros- 
tatectomy infections in men receiving prophylaxis 
versus no prophylaxis [39]. Therefore, prophylaxis 
is recommended in all patients undergoing urologic 
surgery with entry into the urinary tract [4]. 
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Entry into gastrointestinal tract 


Urologic procedures with controlled entry into 
the gastrointestinal tract (i.e., urinary diver- 
sion) are considered clean—contaminated. Several 
meta-analyses of nonurologic procedures involv- 
ing the bowel have demonstrated the benefits of 
antimicrobial prophylaxis [40, 41]. Therefore, 
all patients undergoing urologic procedures 
involving the gastrointestinal tract should receive 
prophylaxis [4]. 


Placement of indwelling prosthesis 


There is a paucity of data regarding the use of 
antimicrobial prophylaxis in patients undergoing 
urologic procedures in which foreign material is 
implanted in the body. However, data from the gen- 
eral surgery and orthopedic literature suggest that 
prophylaxis is beneficial in the setting of implant- 
ing foreign material [42, 43]. Therefore, all patients 
undergoing a procedure during which foreign mate- 
rial is implanted in the body should receive prophy- 
laxis. Of note, the duration of such prophylaxis has 
not been established [4]. 


Special considerations 
Endocarditis prophylaxis 


The American Heart Association currently does not 
recommend prophylactic antimicrobials before geni- 
tourinary procedures solely to prevent infective endo- 
carditis. However, in patients at high risk for infective 
endocarditis who are receiving prophylactic antibiot- 
ics to prevent sepsis or wound infections or who have 
an established UTI, an agent with activity against 
Enterococcus should be considered (Amoxicillin, 
Ampicillin, Vancomycin) [44]. 


Orthopedic prosthetic joints 


The AUA recommends antimicrobial prophylaxis to 
specifically reduce the risk of total joint infections in 
patients who are both at increased risk of a hema- 
togenous joint infection and undergoing a procedure 
with an increased risk of bacteremia (Table 2.3). For 
patients not meeting these criteria, prophylaxis may 
be indicated as per the guidelines discussed in previ- 
ous sections. Recommendations for prophylaxis in 
these patients include (1) systemic fluoroquinolone 


Table 2.3 Patient- and procedure-related risk factors for hematogenous infection of total joint replacements. Patients 


meeting both criteria should receive antimicrobial prophylaxis to prevent hematogenous total joint infection [45] 


Increased risk of hematogenous total joint infection 


Increased risk of bacteremia associated with urologic procedures 


Patients during the first 2 yr after prosthetic joint replacement 


Immunocompromised patients with prosthetic joint 
replacements 


Inflammatory arthropathies (e.g., rheumatoid arthritis, 
systemic lupus erythematosus) 


Drug-induced immunosuppression 
Radiation-induced immunosuppression 


Patients with prosthetic joint replacements and comorbidities 


Previous prosthetic joint infections 
Malnourishment 

Hemophilia 

HIV infection 


Diabetes 


Malignancy 


Any stone manipulation (includes shock-wave lithotripsy) 


Any procedure with transmural incision into urinary 
tract (does not include simple ligation with excision or 
percutaneous drainage procedure) 


Any endoscopic procedures of upper tract (ureter and kidney) 


Any procedure that includes bowel segments 
Transrectal prostate biopsy 


Any procedure with entry into the urinary tract (except for 
urethral catheterization) in individuals with higher risk of 
bacterial colonization 


Indwelling catheter or intermittent catheterization 
Indwelling ureteral stent 
Urinary retention 


History of recent/recurrent urinary tract infection or 
prostatitis 


Urinary diversion 
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1-2 hours preoperatively or (2) ampicillin 2 g 
(or Vancomycin 1 g 1-2 hours preoperatively) + 
Gentamicin 1.5 mg/kg 30-60 minutes preopera- 
tively [4]. 


WHAT TO AVOID 


e Avoid administering antibiotics >1 hour prior to sur- 
gery except for vancomycin and fluoroquinolones. 

e Avoid giving prophylaxis to patients with an infected 
wound. These patients should be treated. 

e Avoid giving antimicrobial prophylaxis specifically for 

prevention of endocarditis. 

Avoid failing to give additional antimicrobial prophy- 

laxis to patients at risk of hematogenous seeding of 

prosthetic joints. 


KEY WEB LINK 
http://www.auanet.org/content/clinical-practice- 
guidelines/clinical-guidelines.cfm#2 


Multiple choice questions 


1 Antimicrobial prophylaxis should generally be 
stopped at what time period? 
a Antimicrobial prophylaxis should never be 
administered 
b 24-48 hours after skin closure 
c At the time of skin closure in noninfected cases 
d When the patient shows no sign of continued 
infection 


2 Ciprofloxacin should be administered within what 
time of incision? 

a 30 minutes 

b 60 minutes 

c 120 minutes 

d 240 minutes 


3 The recommended antimicrobial to be given to a 
patient undergoing a radical retropubic prostatecto- 
my who has a penicillin allergy is: 

a Cephalexin 

b Vancomycin 

c Clindamycin 

d Ampicillin/Sulbactam 
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4 Which patient undergoing simple office cystoure- 
throscopy would require antimicrobial prophylaxis? 
a 54-year-old male with prosthetic joint 3 years 
ago 
23-year-old female with mitral valve prolapsed 
c 65-year-old former smoker with insulin- 
dependent diabetes mellitus 
d All of the above 


5 True or False: The American Heart Association 
does not currently recommend antimicrobial prophy- 
laxis prior to urologic procedures specifically to re- 
duce the risk of infective endocarditis. 
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KEY POINTS 


e The lifetime risk of developing a kidney stone is 10% and 
the prevalence continues to rise. 

e Calcium oxalate stones are the most common. 

Urine pH is the primary determinant of uric acid 

crystallization (pH < 5.5). 

Struvite stones, composed of magnesium ammonium 

phosphate, are referred to as infection stones because 

of their association with urease-producing urinary tract 

infections. 

Cystinuria is an autosomal recessive disorder characterized 

by a defect in transport of dibasic amino acids and 

typically presents in childhood. 


e All stone formers should maintain a urine volume of 2 
L/day, restrict salt intake, consume moderate animal 
protein, and consume the normal daily recommended 
allowance of calcium. 

e A more extensive metabolic evaluation is indicated for 
recurrent stone formers, all children, and those with a 
solitary kidney, renal insufficiency, residual stone burden, 
and high risk for recurrence. 


CASE STUDY 


A 58-year-old female has recurrent calcium oxalate neph- 
rolithiasis. She was started on a thiazide diuretic 2 years 
ago for hypercalciuria. Her laboratory results are normal 
with a serum potassium 3.5 mg/dL. Her 24-hour urine col- 
lections are reviewed: 


Baseline 3 months 2 years 
Urine volume (L/day) 1.87 2.09 2.48 
Urine calcium (mg/day) 286 216 MS 
Urine oxalate (mg/day) 38 35 38 
Urine citrate (mg/day) 1157 809 300 
Urine pH 6.933 6.129 5.987 
Urine uric acid (mg/day) 551 581 630 
Urine sodium (mg/day) 164 124 SH 


Her urine calcium decreases in response to the thiazide 
and she improves her urine volume. Both of these im- 
provements decrease the urinary saturation of calcium- 
based salts. Her urinary citrate has decreased significantly. 
Thiazide-induced hypokalemia leads to intracellular 
acidosis, which promotes proximal tubular reabsorp- 
tion of citrate and reduced citrate synthesis, leading to 
hypocitraturia. This patient should be continued on her 
thiazide with the addition of potassium citrate to treat the 
hypocitraturia. 
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Epidemiology 


Nephrolithiasis is a common urological condition, 
with the probability of having a stone varying accord- 
ing to age, sex, race, and geographic location. In the 
United States, the lifetime risk has been estimated 
at 10% and the prevalence is rising globally [1-3]. 
Recurrence rate is high with 30-50% of patients hav- 
ing a repeat stone event within 5 years of the initial 
episode [4, 5]. Geographically, the prevalence of stone 
disease has a north-south and west-east gradient and 
is highest in the Southeastern United States [6, 7]. 
Family history increases the risk 2.5-fold [8]. Some 
additional risk factors include obesity, diabetes, gout, 
primary hyperparathyroidism, renal tubular acidosis 
(RTA), intestinal disease or surgery, certain medica- 
tions, and specific dietary habits [9]. 


Stone formation 


Stones are essentially salts that precipitate out of urine. 
The underlying impetus for urine crystal formation 
is urinary supersaturation, or the ability of urine to 
keep ionic components, such as calcium and oxalate, 
in solution at higher-than-expected concentrations. 
Typically, when a salt concentration exceeds its ther- 
modynamic solubility product (K,,), it will precipitate 
unless conditions, such as temperature and pH, are 
changed. Urine allows salts to remain in solution at 
concentration products higher than K,, because of 
the presence of inhibitors [10]. When urine contains 
a salt with a concentration product greater than its 
Ksp, it is considered to be metastable. At this concen- 
tration, new stone formation is limited by inhibitors, 
but growth of existing crystals may occur. If the salt 
concentration increases and exceeds its “upper limit 
of metastability” (ULM), crystallization is no longer 
prevented by inhibitors and de novo stone forma- 
tion occurs [11]. Stone formation occurs in several 
phases, specifically nucleation, growth, aggregation, 
and retention [12]. Nucleation is the formation of the 
smallest crystal that does not dissolve. In homogenous 
nucleation, crystals form from salt components in 
pure solution. Heterogeneous nucleation, or epitaxy, 
refers to the formation of nuclei on a substrate such as 
epithelial cells, cell debris, or other crystals. Inhibitors 
include citrate, magnesium, pyrophosphate, glycosa- 
minoglycans, nephrocalcin, Tamm-Horsfall protein, 
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and uropontin [10, 13]. Following nucleation and 
initiation of crystal growth, stone formation relies on 
aggregation of crystals and development of particles 
that are too large to be excreted. 


Stone composition 
Calcium-based stones 


Calcium stones (calcium oxalate and calcium phos- 
phate) represent 75-80% of stones [14]. The most 
common stone type is calcium oxalate (60%). Under- 
lying metabolic conditions that increase the risk 
of calcium stone formation include hypercalciuria, 
hypocitraturia, hyperoxaluria, hyperuricosuria, and 
gouty diathesis. RTA, topiramate, pregnancy, and pH 
> 7 are associated with calcium phosphate stones. 


Hypercalciuria 

Hypercalciuria (greater than 200 mg daily) occurs in 
35-65% of stone formers [15]. It is classified by three 
subtypes: absorptive, renal, and resorptive. Absorp- 
tive hypercalciuria is characterized by intestinal 
hyperabsorption of calcium. The increase in calcium 
load decreases parathyroid hormone (PTH) secretion 
and increases the renal filtered load of calcium, thus 
increasing the excretion of urinary calcium. Renal 
hypercalciuria is caused by impaired renal tubular 
reabsorption of calcium. The resulting decrease in 
calcium load increases PTH secretion which results 
in an increase in intestinal calcium absorption and 
bone resorption (driven by enhanced 1,25-[OH]D 
synthesis). Due to the balance of renal calcium loss 
with calcium absorption and bone resorption, the 
serum calcium remains unchanged. Lastly, resorp- 
tive hypercalciuria is a consequence of primary 
hyperparathyroidism. Excess PTH secretion from a 
parathyroid adenoma or carcinoma leads to increased 
1,25-[OH]D synthesis, increased calcium absorption, 
and increased bone resorption. This results in ele- 
vated serum calcium levels (>10.1 mg/dL) and treat- 
ment is parathyroidectomy. Less common causes of 
hypercalciuria include hypercalcemia of malignancy, 
sarcoidosis, and vitamin D toxicity. 


Hypocitraturia 

Hypocitraturia (less than 320 mg daily) is present in 
20-60% of stone formers [16]. Urinary citrate is an 
important inhibitor of stone formation that forms 
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a soluble complex with calcium. It directly inhibits 
crystallization and aggregation of calcium oxalate 
and calcium phosphate. Metabolic acidosis promotes 
proximal tubular reabsorption of citrate and reduces 
citrate synthesis, both of which lead to hypocitratu- 
ria. Pathologic states associated with acidosis and 
resulting hypocitraturia include distal RTA, chronic 
diarrhea, excess animal protein intake (Atkins diet), 
thiazide use, and vigorous exercise [15]. Idiopathic 
hypocitraturia can occur in the absence of an acidotic 
state. 


Hyperoxaluria 

Hyperoxaluria is defined as oxalate excretion greater 
than 40 mg daily. Oxalate absorption is inhibited by 
the presence of intestinal calcium. In the intestine, cal- 
cium binds oxalate to form a complex and reduces the 
amount of free oxalate available for absorption [17]. 
Primary hyperoxaluria is a rare autosomal recessive 
disorder caused by an inborn error of metabolism. 
Normal hepatic conversion of glyoxalate to glycine 
by alanine-glyoxalate aminotransferase (AGT) is 
affected, and glyoxalate is instead oxidized to oxalate. 
Systemic oxalosis and severe hyperoxaluria result in 
recurrent stones, nephrocalcinosis, and renal failure. 
Patients with end-stage renal disease often require 
combined liver-kidney transplantation [18]. Enteric 
hyperoxaluria occurs in patients with intestinal disease 
(i.e., inflammatory bowel disease or celiac sprue) or 
intestinal surgery (i.e., resection or bypass) that results 
in a malabsorptive state. Fat malabsorption leads to 
saponification of fatty acids with calcium. This reduces 
the calcium available for binding to oxalate and 
increases the amount of free oxalate available for intes- 
tinal absorption [19]. Malabsorptive states also lead to 
dehydration (low urine volume), bicarbonate loss (low 
urine pH), metabolic acidosis (hypocitraturia), and 
poor magnesium absorption (hypomagnesuria). Die- 
tary hyperoxaluria occurs from the excessive dietary 
intake of oxalate-rich foods such as black tea, spinach, 
beets, rhubarb, chocolate, and nuts. Vitamin C is con- 
verted to oxalate and increases its excretion. 


Hyperuricosuria 

Hyperuricosuria (greater than 600 mg daily) is a com- 
mon risk factor for both calcium and uric acid stones. 
At a urine pH > 5.5, soluble monosodium urate crys- 
tals act as a nidus for heterologous nucleation in cal- 
cium stone formation [20]. Monosodium urate also 


binds to and reduces the activity of urinary inhibi- 
tors [21]. Hyperuricosuria is most commonly caused 
by dietary intake of purine-rich foods. While some 
patients present with a history of gout and hyperurice- 
mia, many present with a normal serum uric acid. 


Uric acid stones 


Uric acid stones are the most common radiolucent 
stones, representing 10% of the total stone occurrence 
in the United States, and have a higher prevalence in 
patients with diabetes and obesity [22, 23]. Uric acid 
is the product of purine degradation. Purines can be 
derived exogenously from dietary intake or endog- 
enously through purine synthesis from nucleic acids 
or nonpurine precursors. Purine synthesis occurs in 
the liver, where excess guanine and hypoxanthine 
are converted to xanthine and then to uric acid by 
xanthine oxidase. In addition to a high-purine diet, 
hyperuricosuria can result from states of increased 
catabolism including myeloproliferative disorders, 
hemolytic anemia, and chemotherapy-induced tumor 
lysis. Rare enzymatic disorders that increase urinary 
excretion include Lesch-Nyhan syndrome, phospho- 
ribosylpyrophosphate synthetase overactivity, and 
several glycogen storage diseases. These conditions 
are associated with hyperuricemia and often present 
during childhood. Uricosuric drugs such as probene- 
cid, high-dose salicylates, radiocontrast agents, and 
losartan also promote hyperuricosuria [24]. Urine 
pH is the primary determinant of uric acid crystalli- 
zation. Uric acid is a weak organic acid with a pKa of 
5.5. At a urine pH less than 5.5, the relatively insol- 
uble uric acid predominates over the soluble base 
urate [25]. It should be noted that the solubility of 
urate depends on its associated cation. Monosodium 
urate is less soluble than monopotassium urate and 
plays a role in heterogeneous nucleation of calcium 
oxalate stones [26]. 


Struvite stones 


Struvite stones, composed of magnesium ammonium 
phosphate, are referred to as infection stones because 
of their strong association with urinary tract infec- 
tions (UTIs). The offending organisms are urease- 
producing bacteria including Proteus (most common), 
Klebsiella, Pseudomonas, and Staphylococcus species 
[27]. Although Escherichia coli is a common cause of 
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UTIs, only rare species of E. coli produce urease and 
thus are an infrequent cause of infection stones [28]. 
Struvite stones are notable for their large size and 
rapid growth, often presenting as “staghorn” calculi. 
Bacterial urease converts urinary urea to ammonium 
and carbon dioxide, which then hydrolyzes to ammo- 
nium ions and bicarbonate. Ammonium ions bind 
available magnesium and phosphate to form stru- 
vite. Magnesium ammonium phosphate is relatively 
insoluble in alkaline urine at a pH = 7.2 [29]. Risk 
factors include recurrent urinary tract obstruction, 
chronic indwelling urinary catheter, urinary diversion, 
and neurogenic voiding dysfunction. If left untreated, 
staghorn calculi frequently lead to chronic renal insuf- 
ficiency, septic complications, and death [30, 31]. 


Cystine stones 


Cystine stones are rare, representing approximately 
0.6-1% of all urinary stones, however, they comprise 
about 10% of stones reported in pediatric series [32]. 
They are caused by cystinuria, an inherited autosomal 
recessive disorder characterized by a defect in intes- 
tinal and renal tubular transport of dibasic amino 
acids, including cystine, ornithine, lysine, and argi- 
nine (COLA) [12, 22]. The result is diminished reab- 
sorption of these amino acids in both the intestine and 
renal proximal tubule. Increased urinary excretion of 
cystine promotes supersaturation and crystal forma- 
tion. Cystine is poorly soluble at physiologic pH val- 
ues between 5 and 7, but pH values >8 lead to a 3-fold 
increase in cystine solubility [33]. Ornithine, lysine, 
and arginine are soluble at normal urinary pH and do 
not crystallize [32]. Two genes involved in the disease 
are SLC3A1 (type A cystinuria) and SLC7A9 (type B 
cystinuria). In Europe and the United States, reported 
mean incidence of cystinuria is 1 in 1000-17,000 and 
prevalence varies dramatically with ethnicity [34-36]. 
The age of onset ranges between 2 and 40 years, but 
the median is 12-15 years [37]. Men are affected ear- 
lier and have more stone events per year [32]. Fifty 
percent of asymptomatic individuals with cystinuria 
eventually develop symptomatic stones, and stones 
are bilateral in 75% of cases [32, 38]. Cystine stones 
are poorly radio-opaque and, on urinalysis, have a 
classic hexagonal shape, though this finding is only 
present in 20-25% of cases [36]. Patients excreting a 
cystine level of more than 1000 pmol/g of creatinine 
per day are considered homozygous [39]. 
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Other rare stones 


Xanthine and 2,8-dihydroxyadenine (2,8-DHA) 
stones are radiolucent stones that are often confused 
with uric acid stones. Lesch-Nyhan syndrome and 
allopurinol use increase the risk of xanthine stones, 
whereas 2,8-DHA stones are seen in patients with 
a deficiency in adenine phosphoribosyltransferase 
(APRT). Matrix stones, predominantly composed of 
mucoprotein and mucopolysaccharide, are also radio- 
lucent. Ammonium acid urate stones are associated 
with laxative abuse, recurrent UTI, and inflammatory 
bowel disease. They are an endemic cause of blad- 
der calculi in developing countries [12]. Medications 
that directly promote stone formation include ind- 
inivir and triamterene. Indinivir, a protease inhibitor 
used in the management of HIV, forms stones that 
are radiolucent on plain radiograph and computed 
tomography. 


Medical evaluation 


Comprehensive metabolic evaluation identifies abnor- 
malities in 75-90% of stone formers, and the insti- 
tution of preventative dietary and medical measures 
has resulted in substantial reduction in stone recur- 
rence rates [15]. 


Screening evaluation 


All patients with kidney stone disease should undergo 
a screening evaluation to assess for underlying sys- 
temic syndromes. This begins with a thorough history 
and physical examination. Medical history should 
identify patients with intestinal disease, pathologic 
fractures, osteoporosis, recurrent UTIs, gout, and 
family history of nephrolithiasis. Dietary habits 
(including fluid intake) and medications should be 
reviewed carefully. Basic laboratory screening should 
be done (Table 3.1). These can identify systemic prob- 
lems including primary hyperparathyroidism (high 
serum calcium, low serum phosphorus), distal RTA 
(low potassium, low carbon dioxide), and gouty 
diathesis (high uric acid). A simple clean catch uri- 
nalysis can be informative and should be performed 
in all stone formers. A persistently elevated urinary 
pH (>7.0) is associated with RTA or infection lithiasis 
while a persistently low urinary pH (<5.5) increases 
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Table 3.1 Initial evaluation of all stone formers 


Serum tests 
Electrolytes (potassium, bicarbonate, and phosphorus) 
Creatinine 
Calcium, vitamin D levels 
Intact parathyroid hormone 
Uric acid 


Urine tests 
Urinalysis (specific gravity, pH, nitrites, leukocyte esterase) 
Urine sediment (crystals) 
Urine culture 


uric acid stone risk. UTI is supported by the pres- 
ence of nitrites, leukocyte esterase, and bacteria and 
can be confirmed by culture. The presence of urea- 
splitting organisms such as Proteus, Klebsiella, and 
Pseudomonas is associated with the formation of 
struvite stones. Urine sediment can reveal crystals that 
predict the stone composition [40]. Calcium oxalate 
dihydrate and calcium oxalate monohydrate crystals 
have tetrahedral envelope and hourglass appearances, 
respectively. Rectangular “coffin lid” crystals indicate 
struvite calculi, and hexagonal crystals are pathogno- 
monic for cystinuria. An abdominal radiograph can 
document stone burden. Radio-opaque stones include 
calcium oxalate, calcium phosphate, struvite, and cys- 
tine (poorly), whereas uric acid, triamterene, and xan- 
thine stones are radiolucent. Stone should be analyzed 
to determine composition. 


Metabolic evaluation 


Select patients should undergo a more extensive meta- 
bolic evaluation (Table 3.2). The 24-hour urine col- 
lection is the mainstay of this evaluation (Table 3.3). 
Due to disparities of serial collections that may alter 
management in up to 70% of cases, two 24-hour urine 
collections on initial evaluation are advised to maxi- 
mize the diagnostic yield [41, 42]. These collections 
should be deferred until the patient has recovered from 
an acute stone episode, surgical intervention, and/or 
UTI [43]. The amount of creatinine in the sample can 
determine adequacy of collection. Men should have 
20-25 mg/kg/day and women should have 15-20 mg/ 
kg/day. Urine collections include both stone-specific 
and dietary risk factors including volume, calcium, 
oxalate, uric acid, sodium, phosphate, magnesium, and 
supersaturations of the various stone compositions. 


Table 3.2 Indications for complete metabolic evaluation 


Recurrent stone formers 

Select first-time stone formers 
Strong family history of nephrolithiasis 
Solitary kidney, anatomic abnormalities 
Renal insufficiency 
Poor health (would not tolerate recurrent stone episodes) 
High risk for recurrence 
Intestinal disease (chronic diarrhea) 
Osteoporosis, pathologic skeletal fractures 
History of gout 
Cystine, uric acid, or struvite stones 


All children 


Table 3.3 Key components of a 24-hour urine collection 


Stone risk factors 
Urine volume 
rine calcium 
rine oxalate 


U 

U 

Urine citrate 
Urine pH 

U 


rine uric acid 


Di 


x 


etary factors 
Urine sodium 
Urine magnesium 


Adequacy of collection 


Urine creatinine 


Medical management 
General recommendations 


There are general recommendations that all stone 
formers should follow to decrease stone recurrence 
rates. All patients should maintain a urine vol- 
ume of 2 L/day [44]. Low urine volume is the most 
common metabolic abnormality found in patients 
and increases the supersaturation of crystal com- 
ponents [45]. A strict low-salt diet is also advised, 
as elevated urinary sodium excretion can induce or 
exacerbate hypercalciuria. Moderate animal pro- 
tein intake is recommended as a high-protein intake 
increases urinary calcium, oxalate, and uric acid 
excretion [46-48]. Lastly, a normal recommended 
daily allowance of calcium (1200 mg/day) is advised 
as a low-calcium diet can induce a hyperoxaluria and 
increase stone risk [5]. 
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Specific recommendations 


Hypercalciuria (>200 mg/day) 

Hypercalciuria in a patient with normal serum 
calcium may be considered idiopathic. If urine 
sodium is also elevated, dietary management with 
salt restriction can be first attempted to decrease 
urinary calcium. Patients with severe hypercalciu- 
ria (urinary calcium >275 mg/day) or mild hyper- 
calciuria and reduced bone mineral density may be 
treated with a thiazide as it will increase renal tubu- 
lar reabsorption of calcium [15]. Chronic thiazide 
use can lead to hypokalemia, metabolic acidosis, and 
hypocitraturia. These secondary metabolic derange- 
ments can be treated with concomitant potassium 
citrate supplementation. Resorptive hypercalciuria 
secondary to primary hyperparathyroidism requires 
parathyroidectomy. 


Hypocitraturia (<320 mg/day) 

Potassium citrate restores normal urinary citrate, 
inhibits the crystallization of calcium salts, and 
significantly reduces stone recurrence rates [49]. 
This therapy also corrects the metabolic acidosis, 
hypokalemia, and profound hypocitraturia found 
in patients with distal RTA [50]. In patients with 
chronic diarrheal states, a liquid preparation of 
potassium citrate has better absorption in the set- 
ting of rapid intestinal transit time [40]. Potassium 
citrate supplementation treats thiazide-induced 
hypocitraturia [51]. Dietary modifications with 
lemonade and other citrus juices can also increase 
citrate in the urine [52]. 


Hyperoxaluria (>40 mg/day) 

Enteric hyperoxaluria rarely occurs as an isolated met- 
abolic derangement on account of associated intes- 
tinal fluid losses and malabsorption. These patients 
often present with concomitant low urine volume, 
metabolic acidosis, hypocitraturia, and hypomag- 
nesuria. In addition to hydration and potassium cit- 
rate, the dietary restriction of oxalate is required. Cal- 
cium supplementation may be given to bind oxalate 
in the intestine, but this benefit may be offset by a 
rise in urinary calcium. Repeat urine collection is rec- 
ommended 4-6 weeks after initiation of therapy [53]. 
Magnesium supplementation also binds intestinal 
oxalate and corrects the associated hypomagnesuria 
but often provokes further diarrhea [40]. 


28 


Hyperuricosuria (>600 mg/day) 

First-line treatment of patients with hyperuricosuric cal- 
cium oxalate or uric acid nephrolithiasis is hydration 
and reduction in intake of animal protein (red meat, 
fish, and poultry). Patients with moderate to severe 
hyperuricosuria and pH < 6 who have failed dietary 
modification can be treated with alkalinization of the 
urinary milieu such that uric acid remains in a dissolved 
state [54]. Potassium citrate can be administered to 
raise the urine pH to 26.1. Citrate supplementation also 
raises urinary citrate levels and inhibits crystallization 
of calcium salts. While potassium citrate is preferred 
due to the relative solubility of monopotassium urate, 
sodium citrate or sodium bicarbonate are alternatives in 
patients with intolerance to potassium, hyperkalemia, 
and/or renal insufficiency [23]. Alkalinization of the 
urine to a pH > 7.0 should be avoided as this increases 
the risk of calcium phosphate stone formation. If serum 
uric acid is high or if hyperuricosuria and uric acid 
lithiasis persist despite alkalinization, allopurinol can be 
used [55]. Allopurinol is generally well tolerated but can 
cause irreversible liver enzyme elevation. Because of the 
risk of Stevens-Johnson syndrome, report of a skin rash 
should prompt immediate cessation of the drug [15]. 


Cystinuria (>30 g/day) 

The primary goal in the treatment of cystinuria is to 
improve the solubility of cystine. Initial treatment 
is aggressive hydration to produce a urine volume of 
3 L/day in children and 4-5 L/day in adults [36]. Urinary 
alkalinization to raise the urine pH to 6.5-7.0 brings the 
pH value closer to 8.3, the pKa of cystine [40]. Excess- 
ive alkalinization should be avoided to avoid the risk of 
calcium phosphate stone formation. A low-salt diet is 
effective in reducing the excretion of cystine [56, 57]. 
Dietary restriction of methionine, a precursor to cystine, 
requires strict protein restriction which is often difficult 
for adults and should be avoided in children [36]. The 
next line of therapy involves the use of chelating agents 
like p-penicillamine or o-mercaptopurine (Thiola). 
They cleave the disulfide bond of cystine to produce 
cysteine, which is 50 times more soluble [58]. p-peni- 
cillamine is associated with frequent side effects includ- 
ing nephrotic syndrome, dermatitis, and pancytopenia. 
It induces pyridoxine depletion that requires supple- 
mentation [36]. o-Mercaptopurine (Thiola) is slightly 
less efficacious but better tolerated [40, 58]. Common 
side effects include rash, arthralgia, thrombocytopenia, 
polymyositis, proteinuria, and nephritic syndrome [36]. 
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Lastly, the angiotensin-converting enzyme captopril, 
which contains a free sulfahydryl group, is well toler- 
ated and has been used in the treatment of cystinuria. 
However, the data regarding its efficacy are mixed [40]. 


Struvite stones 

Surgery and antibiotics are the main treatment for this 
stone type. Patients that are not surgical candidates 
can be considered for treatment with acetohydroxamic 
acid, a urease inhibitor, and/or irrigation with an acidic 
solution, but severe side effects are common. 


WHAT TO AVOID/KEY PITFALLS 


e Creatinine in the sample can determine adequacy of 
collection. Men should have 20-25 mg/kg/day and 
women should have 15-20 mg/kg/day. 

e High sodium intake will offset the effect of thiazide 

therapy patients with hypercalciuria. 

Urine alkalinization to pH > 7.0 will increase the risk 

of calcium phosphate stone formation. 

e Thiazide use promotes hypocitraturia that can be 

treated with potassium citrate. 

Penicillamine use leads to vitamin B6 deficiency that 

can be prevented with pyridoxine. 


KEY WEB LINKS 


A Simple Step-by-Step Approach to the Diagnosis 
and Prevention of Nephrolithiasis 
http://abcsofstonedisease.com/index.aspx 


An Example of a Commercial Provider of 24-Hour 
Urinary Stone Risk Profiles 
http://www.litholink.com/en/PhysicianLitholinkStone 


Multiple choice questions 


1 A 58-year-old male with Crohn’s disease presents 
with recurrent calcium oxalate stones. His laboratory 
results are normal. A 24-hour urine was obtained: 


Urine volume (L/day) 2.29 
Urine calcium (mg/day) 103 
Urine oxalate (mg/day) 78 
Urine citrate (mg/day) 283 
Urine pH 5.58 
Urine uric acid (mg/day) 294 
Urine sodium (mg/day) 103 


The mechanism of this patient’s metabolic 
derangement is 
a Increased intestinal absorption of calcium. 
b Increased secretion of oxalate in the distal 
convoluted tubule. 
c Increased colonic absorption of free oxalate. 
Decreased intestinal absorption of citrate. 
e Increased reabsorption of citrate in the 
proximal convoluted tubule. 
2 Select all of the following that are TRUE regarding 
cystinuria. 
a The pattern of inheritance is autosomal 
dominant. 
b It is characterized by a defect in intestinal and 
renal tubular transport of dibasic amino acids. 
c Initial treatment involves aggressive hydration, 
urine alkalinization, and a low-salt diet. 
d Chelating agents cleave the disulfide bond of 
cystine to produce soluble lysine. 
E D-penicillamine is better tolerated than 
a-mercaptopurine (Thiola) and is preferred in 
patients requiring drug therapy for cystinuria. 


a 
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KEY POINTS 


e Meticulous history and physical examination are required 
during evaluation. 

e Classic presentation of an acute stone event includes 
flank pain radiating to the ipsilateral lower abdomen and 
groin, nausea/vomiting, hematuria, lower urinary tract 
symptoms, and/or fever. 

e Imaging and labs help guide treatment. 

Noncontrast computed tomography (CT) scan is the gold 

standard for diagnosis. 

e Acute management includes intravenous (IV) fluids, 
pain control, antiemetics, and antibiotics if infection is 
suspected. 


If fever or hemodynamic instability is present, urgent 
decompression with ureteral stent or nephrostomy tube 
is required. 

Expectant management with medical expulsive therapy 
(MET) can be first-line therapy for the appropriate patient. 
Stone size, location, composition, and patient factors 
guide treatment type. 

Ureteroscopy (URS), percutaneous nephrolithotomy 
(PNL), and shock wave lithotripsy (SWL) are the surgical 
options for treatment. 

Ultrasound is the first-line imaging choice for pregnant 
patients. 


CASE STUDY 


A 32-year-old pregnant female in her third trimester pre- 
sents to the emergency department with complaints of 
nausea, vomiting, and right flank pain for 1 day. Tem- 
perature is 38.3°C. Other vital signs are normal. Labora- 
tory values reveal a white blood cell count (WBC) 18 and 
creatinine 2.0. Renal ultrasound reveals marked hydrone- 
phrosis with a 1.3 cm obstructing proximal ureteral stone. 
She is given IV antibiotics and taken to the operating room 
for decompression with a ureteral stent. This is placed with 
ultrasound guidance. Definitive stone management occurs 
2 weeks postpartum with URS and laser lithotripsy. 


This patient has signs of infection (elevated WBC 
and fever) associated with obstruction. Urgent de- 
compression is required. Definitive management is 
contraindicated at this time due to the presence of in- 
fection. Pregnancy itself is not a contraindication for 
definitive management, but complex stones in preg- 
nancy (i.e., large stone burden, abnormal anatomy) 
are best treated in the postpartum phase. Ultrasound 
is utilized as the diagnostic modality of choice in the 
pregnant patient. 
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CHAPTER 4 NEPHROLITHIASIS: EVALUATION AND SURGICAL TREATMENT 


Introduction 


Nephrolithiasis is a common malady that affects 10% 
of the population during their lifetime. Recurrence 
rate is high at 30-50% within 5 years. As such, it is 
important to be aware of the evaluation and the surgi- 
cal management of these patients. 


Evaluation 
History 


The discovery of kidney stones may be related to 
acute onset of symptoms or an incidental finding on 
imaging studies. Acute presentation generally involves 
symptoms of renal colic. Classically, the patient expe- 
riences significant acute onset flank pain that radi- 
ates to the ipsilateral abdomen and groin. The pain 
typically waxes and wanes, but may be continuous. 
Often, these patients are unable to find a comfortable 
position. Other common symptoms include nausea, 
vomiting, lower urinary tract symptoms, hematuria, 
and sometimes fever. Distal stones can present with 
ipsilateral groin, testicular, and vulvar pain. The phy- 
sician must be aware that this presentation can mimic 
the symptoms of testicular torsion or epididymitis. 

Evaluation begins with a meticulous history and care- 
ful physical examination. A thorough past medical his- 
tory determines risk factors for stone formation includ- 
ing a history of nephrolithiasis. Medical comorbidities 
that predispose to an increased rate of stone formation 
include inflammatory bowel disease, small bowel resec- 
tion, gastric bypass, colectomy, recurrent urinary tract 
infections (UTIs), sarcoidosis, hyperparathyroidism, 
and gouty diathesis. Distal renal tubular acidosis (type 
I) is an important risk factor for stone formation. It is 
characterized by metabolic acidosis, hypokalemia, and 
a urinary pH > 6. This metabolic derangement is asso- 
ciated with the formation of calcium phosphate stones. 
Urological problems that can alter the transport of 
urine and increase the risk of stone formation include 
ureteropelvic junction (UPJ) obstruction, history of 
bladder reconstruction, prostatic obstruction, history 
of UTIs, and medullary sponge kidney. 

A good dietary history is helpful including inquir- 
ies regarding fluid, calcium, oxalate, salt, and animal 
protein intake and hydration status. Medications are 
also important and many contribute to stone forma- 
tion (Table 4.1). 


Table 4.1 Medications associated with kidney stone 
formation 


Type of stone/ 


Drug metabolic derangement 
Steroids Hypercalciuria 

Loop diuretics Hypercalciuria 
Colchicine Hyperuricosuria 
Vitamin D Hypercalcemia 
Indinivir Radiolucent stones 
Triamterene Radiolucent stones 


A social and family history is also important to 
elicit. Patients with a family history of stones have 
an increased risk of stone formation [1]. A sedentary 
lifestyle and immobility also carry an increased risk. 


Physical examination 


A thorough physical examination may aid in the diag- 
nosis and localization of stone disease. Vitals signs are 
reviewed for temperature, heart rate, blood pressure, 
and respirations to screen for infection and impend- 
ing sepsis. Examination of the abdomen and flank 
region can help localize the stone. A complete geni- 
tourinary examination is required particularly when 
groin, testicular, or vulvar pain is present. A thorough 
examination helps narrow the differential diagnosis 
to urologic and exclude gastrointestinal and gyneco- 
logic etiologies. 


Laboratory studies 


Urinalysis and urine culture are required. Microscopic 
hematuria is usually present, although in 15% of 
patients it is absent [1]. Leukocytes may also be present 
and can suggest inflammation. The presence of nitrites 
in the urine suggests infection. Urine pH is a critical 
aspect of urinalysis that can aid in determination of 
stone composition and therefore possible treatment. 
A pH of <5.5 suggests uric acid stone composition. 
A pH of >6.0 with associated metabolic acidosis, and 
hypokalemia could signify renal tubular acidosis and 
calcium phosphate stones. A pH of >6.0 with a posi- 
tive urine culture with ureolytic bacteria suggests that 
a struvite stone may be present. Lastly, urine sediment 
should be analyzed for crystals (Table 4.2). 
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Table 4.2 Stone composition and crystal shape 


Stone composition Crystal shape 


Calcium oxalate Dumbbell/hourglass/bipyramidal 


Calcium phosphate Needle shaped/amorphous 
Uric acid Amorphous/rosettes 
Struvite Coffin lid 

Cystine Hexagonal (benzene ring) 


Serum studies such as complete blood count (CBC) 
and complete metabolic panel (CMP) should be 
drawn to evaluate white blood cell count, electro- 
lytes, creatinine, and calcium levels. Phosphate and 
uric acid may also be useful. If calcium is elevated, 
intact parathyroid hormone (PTH) and vitamin D lev- 
els should be evaluated as well. 


Imaging 


The gold standard for stone diagnosis is computed 
tomography (CT) scan of the abdomen and pelvis with- 
out contrast. Over 99% of stones, including those that 
are radiolucent on plain film radiography, will be seen on 
CT scan [2]. In addition to visualization of the stone, CT 
reveals other important signs including hydronephrosis, 
hydroureter, perinephric stranding, and nephromegaly. 
Sites of obstruction are typically the UPJ, pelvic brim, 
and ureterovesical junction [2]. Other imaging modali- 
ties that are used to evaluate stones are plain radiog- 
raphy (KUB) and ultrasound. Less commonly used are 
magnetic resonance imaging and nuclear scans. Intra- 
venous (IV) pyelograms were historically used but are 
rarely used today for evaluation of stones. KUB can be 
challenging in the primary diagnosis of stones, particu- 
larly in the pelvis, as they can be difficult to distinguish 
from phleboliths. Stones are usually irregular in shape 
while pelvic phleboliths are round. KUB can assist in 
following a stone if it is radio-opaque; if it is radiolucent 
on KUB, uric acid composition is likely. 

Ultrasound is first line for evaluating stones in preg- 
nant patients and the pediatric population. Its diag- 
nostic utility however is limited with ureteral stones. 
Transvaginal ultrasound can sometimes be helpful for 
distal ureteral stones. Magnetic resonance urography 
is also a noncontrast alternative that shows good sen- 
sitivity and specificity compared to CT [3]. 
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Management of acute stone event 


The acute management of renal colic begins with 
supportive measures. IV fluids are crucial to hydrate 
a patient who presents with nausea and vomiting. 
Antiemetics can be used if nausea persists. Pain con- 
trol can be achieved with oral and IV analgesics. 
A combination of narcotics and nonsteroidal anti- 
inflammatories (NSAIDs) helps alleviate pain in the 
majority of patients but are contraindicated in patients 
with renal dysfunction, bleeding diathesis, peptic ulcer 
disease, and gastroesophageal reflux disease. If infection 
is suspected, antibiotics should also be administered. 

Indications for admission include uncontrolled 
pain, inability to tolerate food or liquid, renal insuf- 
ficiency, solitary kidney, bilateral obstruction, suspi- 
cion of obstructed pyelonephritis (leukocytosis and/ 
or fever), or multiple comorbidities. If infection is 
present, urgent decompression with a nephrostomy 
tube or ureteral stent is required, and definitive man- 
agement should be deferred until the antibiotic course 
is completed to reduce the risk of sepsis periopera- 
tively. Choice of decompression depends on several 
factors including stone location and size, anatomical 
abnormalities, presence of hydronephrosis, available 
resources, and surgeon preference. Clinical deteriora- 
tion may be rapid with obstructed pyelonephritis, and 
the choice of ureteral stent or nephrostomy tube may 
involve which may be placed more expeditiously. 

Healthy patients with no evidence of infection, no 
renal insufficiency, well-controlled pain, ability to tol- 
erate food and liquid, and stones <1 cm in size may 
be placed on expectant management with a trial of 
passage and treated with medical expulsive therapy. 
Urine should be strained and stone sent for analysis, 
if passed. 


Expectant management 


Expectant management consists of medical expul- 
sive therapy and pain medications for a maximum of 
4 weeks. Alpha-blockers, steroids, and calcium chan- 
nel blockers have all been used for medical expulsive 
therapy. In general, stones <4 mm have a 90% chance 
of passage, 4-6 mm have a 60% chance of passage, 
and >6 mm have a 20% chance of passage with 
expectant management. 

Alpha-blockers inhibit alpha receptors located on 
the terminal ureter, decreasing ureteral tone. In a pro- 
spective trial, Wang et al. demonstrated a 78-81% 
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expulsion rate when comparing alpha-blockers to 
placebo for lower ureteral stones <10 mm [4]. Par- 
sons et al. conducted a meta-analysis evaluating the 
efficacy of alpha-blocker therapy for aid in the expul- 
sion of ureteral stones. Eleven randomized trials were 
reviewed with 911 participants. Their results show 
that the use of alpha-blockers was associated with 
a 44% higher chance of spontaneously expelling the 
stone versus conservative therapy alone [5]. 

Steroids may aid in decreasing inflammation and 
ureteral spasms. Porpiglia et al. prospectively exam- 
ined the effects of alpha-blockers given with corticos- 
teroids in the treatment of symptomatic distal ureteral 
stones. Their published results show a significantly 
higher expulsion rate with the use of combined cor- 
ticosteroids with alpha-blockers compared to either 
one alone and placebo. Furthermore, their combined 
use was associated with a significant decrease in anal- 
gesic consumption [6]. 

The role of calcium channel blockers during expect- 
ant management of stones has also been studied. 
Studies show that calcium channel blockers decrease 
ureteral muscle spasms and help with stone passage 
when combined with steroids [7, 8]. The EAU/AUA 
guidelines for management of ureteral calculi recom- 
mend expectant management as an option for patients 
with stones <10 mm, with alpha-blockers preferred 
over calcium channel blockers for medical expulsive 
therapy [9]. 


Surgical planning 


If expectant management fails, if the stone is >1 cm, 
or if there is another indication for treatment as 
discussed above, then the next course of action is sur- 
gical treatment. Shock wave lithotripsy (SWL), uret- 
eroscopy (URS), and percutaneous nephrolithotomy 
(PNL) are the current surgical techniques utilized. 
Herein, we discuss each modality, their indications, 
and their potential complications. Regardless of 
which modality is chosen, culture-specific antibiotics 
are imperative to a safe and effective operation [10]. 


Extracorporeal SWL 


SWL utilizes external energy in the form of sound 
waves to fragment stones in a minimally invasive 
fashion. At the time of SWL, the stone is visualized 


using fluoroscopy or ultrasound while the patient is 
under general anesthesia or sedation. Potential long- 
term renal effects of SWL include renal injury/scar 
and hypertension. There is a transient decrease in 
renal blood flow. Immediate complications include 
hematoma (<1%), UTI/sepsis, or obstruction (stein- 
strasse). Although extremely rare, injury to adjacent 
nearby organs can occur. Contraindications to the use 
of SWL include pregnancy, calcified aneurysm, mor- 
bid obesity, and bleeding diathesis. 

Success of SWL depends on patient selection with 
several factors associated with a poor outcome. 
Contraindications include stone burden >2 cm and 
staghorn calculi. Stone composition also affects suc- 
cess rate. Patients with stones composed of brush- 
ite, matrix, cystine, calcium oxalate monohydrate, 
or that are high density on imaging (>750 HU) have 
been associated with worse outcomes. Obese patients, 
abnormal renal anatomy, and stones in lower pole 
calyces and diverticuli also portend lower success 
rates [11]. 

There are several factors that help optimize the suc- 
cess rate of SWL. Technical factors that can increase 
stone-free rate include slow shock wave delivery 
(60 shocks per minute) and “ramping up” shock 
wave energy. Ramping up the energy can also help 
decrease renal injury [12]. Several clinical trials com- 
paring IV sedation versus general anesthesia revealed 
significantly superior outcomes with general anesthe- 
sia (78-87% vs. 51-55%) [12-14]. Lastly, optimizing 
coupling between the SWL device and the patient is 
important. Using large amounts of coupling medium 
(gel or oil) and proper application can help optimize 
coupling and decrease the amount of air pockets 
created [11]. 

Postoperative follow-up should include a KUB in 
2-4 weeks to assess stone fragmentation and passage. 
Patients should also be monitored for hypertension. 


Ureteroscopy 


URS allows for direct visualization and manipula- 
tion of the stone. Significant advances in endouro- 
logic technology have resulted in miniaturization of 
both scopes and instruments. Additionally, deflection 
capabilities have improved significantly. This allows 
for increased maneuverability, better visualization, 
and an increased safety profile. Available devices to 
be used in adjunct with URS have grown as well. As 
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a result of these developments, URS has become safer, 
more efficient, and more efficacious. Potential com- 
plications include infection, stent discomfort, ureteral 
injury, and ureteral stricture. 


Percutaneous nephrolithotomy 


Indications for the use of PNL include a stone burden 
>2 cm, stones in a calyceal diverticulum, proximal ure- 
teral stone burden >1 cm, and failure of other meth- 
ods. Major complications from PNL occur in 1-7% 
of patients and include bleeding, organ injury, per- 
foration, hydrothorax, or pneumothorax [9]. Minor 
complications also occur at 11-25% [9]. A multi- 
institutional review of findings on routine postopera- 
tive CT after PNL in 197 patients revealed a variety of 
thoracic complications including atelectasis (44.7%), 
pleural effusion (8.6%), pneumothorax (1.5%), 
hemothorax (1%), and hydrothorax (0.5%). Renal 
complications were observed as well with perinephric 
hematoma (7.6%) and collecting system perforation 
(2%) being the most common [15]. Urologists often 
obtain a CT scan postoperatively to evaluate residual 
stone burden. 


Renal stone treatment 
Stones <2 cm 


As discussed before, expectant management with 
medical expulsive therapy (MET) is a viable option 
for stones <1 cm in size. Additionally, nonobstructing 
asymptomatic stones <2 cm that are diagnosed inci- 
dentally can be observed. However, many stones in 
the kidney will increase in size, and up to 50% will 
become symptomatic within 5 years. If the stone com- 
position is uric acid, a trial of alkalinizing agents can 
be attempted for dissolution. 

For symptomatic stones <2 cm, both SWL and URS 
are the viable options. Success rates of SWL have been 
reported by size: <1 cm, 80%; 1.1-2 cm, 65%; and 
>2 cm, 50%; but these vary based on location as well 
[16]. The use of ureteral stent prior to SWL has not 
been shown to be effective and will increase lower 
urinary tract symptoms. Hard stones composed of 
cystine, calcium oxalate monohydrate, and HU >750 
have poor fragmentation rates with SWL and should 
be treated with URS. Obesity will also hinder stone 
fragmentation with SWL. 
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URS with laser lithotripsy is a very effective modality 
for the treatment of stones <2 cm in size. Stone-free rates 
have been reported to be >90% in expert hands [17]. 

Opinions regarding treatment of lower pole stones 
<2 cm are mixed. Pearle et al. conducted a prospec- 
tive randomized multicenter trial that evaluated the 
use of SWL versus URS in 78 patients with lower pole 
stones <1 cm. At 3 months follow-up, patients who 
underwent SWL and URS had radiograph stone-free 
rates of 35% and 50%, respectively. However, their 
results were not statistically significant [18]. Compar- 
ing SWL to PNL, stone-free rates for <1 cm lower 
pole stones are 70% and 100% for SWL and PNL, 
respectively [19, 20]. 

For lower pole stones 1-2 cm, many factors must 
be taken into account to determine the optimal treat- 
ment modality. Factors should be stone composition, 
renal anatomy, and patient preference. 

For stones <2 cm, PNL is reserved for stones that 
have failed SWL and/or URS, are in a narrow infun- 
dibulum (<4 mm), are within a calyx with an acute 
infundibulopelvic angle (<90°), are in a calyceal diver- 
ticulum, and for patients with any anatomic abnor- 
mality that may compromise the effectiveness of SWL 
or URS. 


Stones >2 cm 


PNL should be employed for stones >2 cm in size as 
first-line therapy. Stone-free rates have been shown to 
be 90% for PNL and 30% for SWL [19, 20]. Staged 
URS can be considered if the patient is morbidly obese, 
coagulopathic, or other conditions are present that 
would complicate PNL. Open or laparoscopic ana- 
trophic nephrolithotomy is rarely done, but is reserved 
as a last option if all other therapies have failed. 
Staghorn calculi are complex stones that can be par- 
tial or complete in nature. A partial staghorn extends 
into two or more calyces. A complete staghorn extends 
into all calyces. Management of staghorn calculi can 
be handled using several approaches. PNL is the first- 
line therapy and the main treatment modality. AUA 
guidelines state that PNL monotherapy should be the 
treatment of choice. Furthermore, PNL results in supe- 
rior stone-free rates when compared to SWL [21]. 
“Sandwich therapy” is a term reserved for the 
treatment of staghorn calculi and consists of three 
stages: PNL, SWL, and then flexible nephros- 
copy (or second PNL). Stages are separated by 
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a minimum of 1-2 days. CT imaging should be 
done to evaluate for residual stone burden after 
each stage. Residual stone fragments can also be 
treated with flexible URS [21]. SWL monotherapy 
for staghorn calculi is not recommended and can 
result in postoperative complications that include 
steinstrasse (several small stones along the ureter 
and causing obstruction—literally, stone street), 
renal colic, sepsis, and perinephric hematoma. If 
SWL monotherapy must be performed, a percuta- 
neous nephrostomy tube or ureteral stent is man- 
datory, but again only in cases in which PNL is 
contraindicated [21]. PNL stone-free rates for the 
treatment of staghorn calculi are around 78%. 
Sandwich therapy has been reported at 66%, SWL 
54%, and open surgery 71% [21]. Complication 
rates for PNL, sandwich therapy, SWL, and open 
surgery have been reported at 15%, 14%, 19%, 
and 13%, respectively [21]. 


Anatomic variants 


Treatment of stones in patients with anatomic vari- 
ants can be challenging. Patients with stones in cal- 
yceal diverticulum should be managed with PNL 
(stone-free rate 90%). The use of PNL allows for 
ablation of the diverticulum as well as incision of 
the calyceal neck. URS can be attempted for the 
management of small stones in these diverticuli, 
however, this can be challenging and stone-free rate 
is low. 

Management of stones in patients with horseshoe 
kidneys can usually be done with either SWL or PNL. 
SWL is usually reserved for smaller stones while PNL 
is mainly for larger stones, patients who have failed 
SWL, or those who have contraindications for SWL. 
Percutaneous access is achieved in the upper pole into 
a posterior calyx. 

Finally, patients with a concomitant UPJ obstruc- 
tion can be managed with combined PNL and 
endopyelotomy. 


Ureteral stone treatment 
Stones <1 cm: proximal 


Stones <5 mm have over a 50% chance of passing 
on their own [14]. If expectant management is not 
preferred, both SWL and URS are reasonable options. 


Stone-free rates using SWL and URS are reported as 
90% and 80%, respectively [9]. 


Stones >1 cm: proximal 


Any of the described modalities (SWL, URS, and 
PNL) are acceptable options. Stone- free rates are 
68%, 79%, and 74%, respectively [9]. 


Stones <1 cm: distal 


Small stones in the distal ureter have a spontaneous 
passage rate over 50% [14]. If MET fails or treat- 
ment is required for another indication, typically they 
can be managed with either SWL or URS. Stone-free 
rates are high using either modality at 86% and 90%, 
respectively [9]. The limiting factor for SWL is good 
visualization on radiography. 


Stones >1 cm: distal 


SWL and URS are both options with stone-free rates 
reported to be 74% and 93%, respectively [9]. 


Stone fragmentation techniques 


There are several stone fragmentation methods that are 
currently utilized. Electrohydraulic, electromagnetic, 
and piezoelectric are the different SWL devices that 
have been utilized. Holmium:YAG laser, pneumatic, 
and ultrasonic devices are used for URS and PNL. 


Metabolic stone evaluation 


Once the acute stone event is resolved, a metabolic 
stone evaluation may be warranted. Please see Chap- 
ter 3: Nephrolithiasis: etiology, stone composition, 
medical management, and prevention for a more 
thorough explanation of a metabolic stone evaluation 
[22, 23]. 


Stones during pregnancy 
There are several changes that occur during preg- 
nancy that alter the risk profile of nephrolithiasis. 


Hydronephrosis occurs secondary to increased 


37 


SECTION 2 URINARY LITHIASIS 


progesterone and mechanical compression by 
the enlarged uterus inducing urinary stasis. Preg- 
nancy is also associated with hypercitraturia, 
hypermagnesuria, hyperuricosuria, and hypercal- 
ciuria [24]. 

Renal colic during pregnancy poses a diag- 
nostic challenge, as radiation exposure must be 
minimized. Ultrasound is the first-line modality 
of choice for but can have limited utility for ure- 
teral stones. Transvaginal ultrasound may assist 
with visualization of distal ureteral stones [25]. 
Magnetic resonance imaging is emerging as a new 
noncontrast radiation-free technique that is safe 
in pregnancy and shows similar diagnostic yield 
to CT [3]. 

With conservative management, spontaneous pas- 
sage rate is high (75%). Obstructing stones can be 
managed as in nonpregnant patients, but with the use 
of ultrasound, to place a stent or nephrostomy tube. 
Ureteral stents must be changed every 4-8 weeks 
in pregnant patients due to increased tendency to 
encrust. 

With recent advances in endourologic technol- 
ogy, treatment of the stone with URS and laser is 
now an acceptable option in experienced hands 
[26, 27]. A recent meta-analysis evaluating the 
safety of URS in pregnant patients showed no 
significant difference in pregnant versus nonpreg- 
nant patients [28]. Both SWL and PNL are con- 
traindicated. 


WHAT TO AVOID/KEY PITFALLS 


e Nephrolithiasis can have an atypical presentation. A 
low threshold for obtaining CT scan is necessary, par- 
ticularly if infection is suspected. 

Differential diagnosis for nephrolithiasis is broad, and 
a thorough examination and evaluation is required. 
Gastrointestinal and gynecologic etiologies should be 
excluded. 


e Other possible urologic causes include, but are not 
limited to, pyelonephritis, testicular torsion, and 
epididymitis 

Observation of an obstructing stone with associated 
infection can lead to life-threatening sepsis 

Special considerations must be made for anatomical 
variations, such as UPJ obstruction, horseshoe kid- 
neys, and changes related to pregnancy 
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KEY WEB LINKS/RECOMMENDED READING 


AUA website 

www.auanet.org 

Clinical Guidance: 

e Staghorn Calculi—Report on the Management of 
Staghorn Calculi (2005) (Reviewed and validity 
confirmed 2009.) 

e Ureteral Calculi—Management of Ureteral Calculi: 
EAU/AUA Nephrolithiasis Panel (2007). (Reviewed and 
validity confirmed 2010.) 


Other AUA Clinical Guidance Documents: 
e Shock Wave Lithotripsy—White Paper: Current Perspective 
on Adverse Effects in Shock Wave Lithotripsy (2009). 


Multiple choice questions 


1 Which of the following is most consistent with 
renal tubular acidosis type 1? 
a Calcium phosphate stones; urine pH > 6; 
metabolic acidosis; hypokalemia 
b No formation of stones; pH > 6; metabolic 
alkalosis; hypokalemia 
c pH <6; metabolic acidosis; hypokalemia 
d Calcium phosphate stones; pH > 6; metabolic 
acidosis; hyperkalemia 
e pH < 6; metabolic alkalosis; hyperkalemia 


2 Which imaging modality is considered first line for 
the diagnosis of stones in pregnancy? 

Intravenous pyelogram 

Magnetic resonance imaging 

Renal ultrasound 

CT scan 

Plain radiography 
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3 The following are all metabolic derangements 
found in pregnant patients except: 

a Hypercitraturia 

b Hypermagnesuria 

c Hypercalciuria 

d Hyperoxaluria 


4 For stones in a calyceal diverticulum the best mo- 
dality for clearing the stone is 

URS 

SWL 

PNL 

URS followed by SWL 

Do nothing 
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Answers to multiple choice questions 


1 a Renal tubular acidosis (RTA) type 1 (distal) 
is associated with formation of calcium phosphate 
stones. It is the only RTA that is associated with 
kidney stones. Hypocitraturia is the main culprit 
leading to stone formation in RTA type 1. The main 
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cause of development of RTA type 1 is impaired 
secretion of hydrogen ions in the distal nephron. 
Manifestations include urine pH > 6 and hypoka- 
lemia. Definitive diagnosis is marked by reduced 
urinary ammonium excretion (measured by urine 
anion gap). 

Renal tubular acidosis type II (proximal) is a result 
of a defect in bicarbonate reabsorption. Initially, urine 
pH is elevated, but later normalizes. In contrast to type 
1, citrate excretion is normal. Hence, nephrolithiasis 
is uncommon. Type II is associated with hypokalemia 
due to metabolic acidosis. 

Renal tubular acidosis type IV (hypoaldosteronism) 
is seen in patients with renal disease and diabetic 
nephropathy. Nephrolithiasis is also uncommon in 
this type of RTA. Patients usually have hyperkalemic, 
hyperchloremic metabolic acidosis. 

2 c Detecting and diagnosing nephrolithiasis in preg- 
nancy can be challenging. The main point is to limit 
the radiation exposure to the fetus. AUA guidelines 
state that the initial modality of choice for diagnosing 
kidney stones during pregnancy is renal ultrasound. 
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If this fails to diagnose, limited intravenous urogram 
or magnetic resonance imaging has historically been 
used. Magnetic resonance HASTE urogram without 
contrast is a newer modality that appears to be com- 
parable to CT scans in the diagnosis of nephrolithiasis 
and is safe during pregnancy. 

3 d There are several metabolic derangements found 
in pregnant patients. However, overall there is no 
change in risk of stone formation. This is due to the 
net effect of promoters and inhibitors being excreted. 
Increased calcium excretion results from increased 
vitamin D levels and increased GFR. Pregnancy also 
causes increased urinary excretion of inhibitors of 
crystal formation (magnesium and citrate). Hyperox- 
aluria does not occur in pregnancy. 

4 c PNL is the most optimal and efficacious treat- 
ment for stones in a calyceal diverticulum with a 
stone-free rate of 90%. The use of PNL allows for 
ablation of the diverticulum as well as incision of the 
calyceal neck. URS can be attempted for the manage- 
ment of small stones, however, this can be challenging 
and stone-free rate is low. 
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KEY POINTS 


e Among couples with normal fertility parameters, 20-25% 
will typically conceive within 1 month, 75% within 
6 months, and 90% within 1 year. 

Fifteen percent of US couples are infertile: male factor 
infertility accounts up to 50% of infertility. 

e Initial evaluation of male factor infertility includes history, 
physical examination, and semen analysis. 

e Further evaluation and treatment depends upon 
semen analysis results. Patients may have low volume 


or absent ejaculate, azoospermia, oligospermia, 
asthenospermia (abnormalities of sperm movement), 
sperm morphological defects, and/or combinations of 
these abnormalities. 

e Of infertile couples, 25-35% will conceive by intercourse 
alone without treatment. 

e Intracytoplasmic sperm injection (ICSI) is an efficacious 
treatment modality. 


CASE STUDY 


A 36-year-old male patient and his 32-year-old female 
partner were seen in the outpatient clinic for evaluation 
of infertility. The couple had 2 years of unprotected sexual 
intercourse. However, no pregnancy was induced. The fe- 
male partner has been recently thoroughly evaluated and 
female factor infertility seems unlikely. The patient stated 
that he had induced a pregnancy in another partner about 
10 years ago. Furthermore, he commented that semen vol- 
ume decreased over the past years following an epididymal 
infection. Otherwise, he is in good health and there is no 
prior urological or surgical history. On physical exami- 
nation, the external genitalia were with no pathological 


findings with regular-sized testes of normal consistency. 
His laboratory tests including FSH, LH, prolactin, and 
TSH were within normal limits. On scrotal ultrasound the 
testes were normal, however, transrectally the left seminal 
vesicle was dilated and there was no right seminal vesicle. 
Semen analyses showed azoospermia. A diagnosis of left 
ductal aplasia and postinfectious secondary right ductal 
obstruction was made. The couple was recommended to 
undergo either testicular biopsy, and in the case of regular 
spermatogenesis, vasovasostomy or MESA and ICSI. The 
couple elected to undergo MESA and ICSI which resulted 
in sufficient sperm retrieval and induction of a pregnancy. 


Introduction 


Infertility is defined as the inability of a couple to suc- 
cessfully conceive after 1 year of unprotected sexual 
intercourse. It is estimated that about 15% of couples 


suffer from this condition. However, there are signifi- 
cant differences in infertility rates around the world 
and in the majority of countries the prevalence of 
infertility is not documented [1]. Traditionally, pre- 
dominantly female factors were considered as the 
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main cause. However, more recent evidence indicates 
that ~35% of infertilities are due to female factors 
alone, while 30% and 20% are considered due to 
male and combined factors, respectively. In 15% of 
cases, infertility lacks a clinically detectable cause and 
is categorized as unexplained or idiopathic infertili- 
ties. Among couples with normal fertility parameters, 
20-25% will typically conceive within 1 month, 75% 
within 6 months, and 90% within 1 year [2]. 

The conditions associated with male infertility are 
numerous and can be found on a variety of patho- 
physiological levels. Generally, the etiology is catego- 
rized as acquired or congenital, and as pretesticular, 
post-testicular, or testicular. Since male infertility can 
be diagnosed with simple noninvasive means and 
little costs in the majority of cases, its detection or 
exclusion should be undertaken prior to more inva- 
sive examinations of the female partner. It has been 
shown that 70-80% of male factor infertilities can 
be diagnosed with history, physical examination, and 
hormonal/sperm analyses alone. One has to take into 
account that male and female partner age, as well 
as frequency of intercourse and timing of the inter- 
course, plays a significant role [3, 4]. 

Treatment options for male infertility could be as 
simple as antibiotic therapy for pyospermia up to 
complex microsurgical vasovasostomy for deferent 
duct obstruction, immunosuppression in patients 
with immunoinfertility, or advanced assisted repro- 
duction techniques (ART). 

Depending on the underlying conditions, diagnosis 
and therapy should be as less invasive as possible with 
an understanding attitude toward the challenging 
psychosocial aspects of infertility for a young couple. 


Physiology and pathophysiology 
of male reproduction 


Hypothalamus-pituitary—testicular axis 


Gonadal and sexual functions are controlled by the 
hypothalamus-pituitary-testicular axis via the secretion 
of gonadotropin-releasing hormone (GnRH) by the 
hypothalamus in a pulsatile fashion (q90-120 minutes, 
highest in the morning and seasonally in the spring), 
which leads to the secretion of luteinizing hormone 
(LH) and follicular-stimulating hormone (FSH) from 
the anterior pituitary gland. The half-life of GnRH is 
2-5 minutes. It is a closed-loop system with feedback 
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control from the testis with the hypothalamus as the 
primary integration center. The GnRH-secreting neu- 
rons receive signals from multiple sites in the brain, 
including the amygdala and the olfactory and the visual 
cortex. Its release is stimulated by melatonin from the 
pineal gland and inhibited by testosterone, inhibin, 
corticotropin-releasing hormone, opiates, illness, and 
stress. Failure of GnRH-secreting cells to migrate prop- 
erly during embryogenesis results in Kallmann syn- 
drome (congenital hypogonadotropic hypogonadism), 
which is associated with anosmia and midline defects. 

In the testes LH stimulates the Leydig cells to pro- 
duce testosterone, while inhibin is produced by the 
Sertoli cells, which are stimulated via FSH. Inhibin 
and testosterone feedback on the anterior pituitary 
and inhibit FSH and LH secretions, respectively. 
FSH has a lower plasma concentration and a longer 
half-life than LH. For clinical purposes it is impor- 
tant to notice that the hypothalamus also releases 
thyrotropin-releasing hormone (TRH) and vasoactive 
intestinal peptide (VIP), which stimulate the secretion 
of prolactin from the anterior pituitary. Dopamine, 
which is also released from the hypothalamus, inhib- 
its prolactin release. Excessive prolactin secretion may 
lead to gynecomastia, erectile dysfunction, and inhibi- 
tion of GnRH and LH/FSH production, resulting in 
low testosterone levels (hypogonadism) and impaired 
spermatogenesis. 


Anatomy of the testes 


Normal testes have a volume of 15-25 mL and 
are covered by the tunica albuginea. The length is 
4.5-5 cm. The arterial supply is by the internal sper- 
matic artery, the deferential artery, and the cremas- 
teric artery, while venous drainage is through the 
pampiniform plexus, which drains into the gonadal 
vein. Countercurrent exchange of heat lowers testic- 
ular temperature by 2-4°C, which is important for 
sufficient spermatogenesis. Varicocele formation, the 
dilatation and tortuosity of the pampiniform plexus, 
could lead to impaired spermatogenesis through the 
elevation of the testicular temperature. 

The specific cellular content of the testes is com- 
posed of germ cells, Leydig cells, and Sertoli cells. The 
seminiferous tubules, which are surrounded by per- 
itubular and myoid cells, contain the germ and Sertoli 
cells, while the Leydig cells are located in the inter- 
stitium between the seminiferous tubules. 


Spermatogenesis, sperm maturation, and emission 


Spermatogenesis is the development of early germ 
cells, spermatogonia, to spermatozoa in the seminif- 
erous tubules. In the normal human testis there are 
600-1200 seminiferous tubes, which are divided 
by fibrous septa from the tunica albuginea into 
250 pyramidal lobes. 

Spermatogonia, which are precursors of sper- 
matozoa, are derived from the gonadal ridge and 
migrate as gonadocytes to the testes prior to testicu- 
lar descent. During spermatogenesis, a process that 
takes 74 days, spermatogonia develop to primary 
and secondary spermatocytes and finally spermatids 
as they progress closer to the lumen of the seminifer- 
ous tubule. While the primary spermatocyte (46N) 
undergoes meiosis, secondary spermatocytes (23N) 
undergo cell division. 

The role of the Sertoli cells, which are in contrast 
to germ cells nondividing, is to support spermato- 
genesis in the seminiferous epithelium. Furthermore, 
they form the blood-testis barrier with tight junctions 
between adjacent cells [5, 6]. 

The mature spermatids or spermatozoa migrate 
through the tubuli recti, rete testis, and ductuli effer- 
entes into the epididymis. During the passage through 
the epididymis maturation of the spermatozoa takes 
place and fertilization capacity is acquired. Several 
substances, such as glycerophosphorylcholine, sialic 
acid, and carnitine are secreted by the epididymis to 
aid in sperm protection and nutrition. 

After the maturation process in the epididymis, 
sperm enters the deferent duct or vas deferens, which 
is an ~30 cm long muscular tube. It is divided into the 
following segments: convoluted, scrotal, inguinal, ret- 
roperitoneal, and ampullary section. At the ampullary 
portion, the vas joins with the seminal vesicles and 
empties into the prostatic urethra at the verumonta- 
num. Ejaculation is initiated by rhythmic contractions 
of the vas deferens smooth muscle and an interaction 
of the bulbourethral and a number of additional pel- 
vic muscles. 


Seminal fluid, sperm characteristics 


The seminal fluid consists of secretions from the 
testis, epididymis, Cowper’s bulbourethral glands, 
periurethral gland of Littre, prostate (acidic), and 
seminal vesicles (alkaline). Initially, the seminal fluid 
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is a coagulum due to the seminal vesicle fluid which is 
high in fructose. After ~10-15 minutes, liquefaction 
occurs secondary to prostate-derived proteases (PSA 
and plasminogen activator). The seminal fluid volume 
is typically between 2 and 5 mL. Abnormally low vol- 
umes could be caused by ejaculatory duct obstruction 
(acidic pH, low fructose), androgen deficiency (acidic, 
low fructose), retrograde ejaculation, sympathetic 
denervation, agenesis of the vas deferens and/or semi- 
nal vesicles (acidic pH, low fructose, lack of coagula- 
tion), or drug therapy. 

Ejaculate reference limits have recently changed 
(Table 5.1). 

Sperm motility is categorized as follows: pro- 
gressive motility (PR)—spermatozoa moving 
actively, either linearly or in a large circle, regard- 
less of speed; nonprogressive motility (NP)—all 
other patterns of motility with an absence of pro- 
gression, that is, swimming in small circles, the 


Table 5.1 Characteristics of normal semen (WHO 1999 
and WHO 2010) [32, 33] 


Lower Lower 


reference limit reference limit 


Parameter (WHO 2010) (WHO 1999) 
Semen volume 1.5 mL 2mL 
Total sperm number 39 40 
(10° per ejaculate) 

Sperm concentration 15 20 
(106 per mL) 

Total motility 40 50 
(PR-NR, %) 

Progressive motility 32 25 
(PR, %) 

Vitality (live 58 75 
spermatozoa, %) 

Sperm morphology 4 15 
(normal forms, %) 

Other consensus threshold values 

pH 27.2 27.2 
MAR test (motile <50 50 
spermatozoa with 

bound particles, %) 

Immunobead test <50 50 


(motile spermatozoa 


with bound beads, %) 
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flagellar force hardly displacing the head or when 
only a flagellar beat can be observed; and immotil- 
ity (IM)—no movement [7]. 

Normal sperm morphology is defined as follows: 
head—oval shaped (5-6 x 2.5-3.5 microns), acro- 
some (40-70% of head); midpiece—1.5x head length, 
<1 micron wide; tail—uncoiled, free from kinks, 
~45 microns long; cytoplasmic droplets—in midpiece 
only and <1/2 of the head area. The normal ranges 
for various parameters of semen quality are shown 
in Table 5.1. 


Etiology of male infertility 


There are a number of ways to categorize male infer- 
tility. One popular way is to categorize into pre-, 
intra-, and post-testicular etiology of infertility. In a 
nice overview, Nagler presented data on etiology of 
male infertility in the United States (see Table 5.2). 

The details on the respective conditions leading to 
male infertility are presented in the diagnosis/clinical 
investigation section. 


Pretesticular etiology 


Pretesticular causes for infertility or secondary tes- 
ticular failure are typically endocrinological diseases 
which alter testicular function. 


Table 5.2 Etiology of male infertility in the United States 


Category Percent 
Varicocele 42.2 
Idiopathic 22.7 
Obstruction 14.3 
Normal/female factor 7.9 
Cryptorchidism 3.4 
Immunologic 2.6 
Ejaculatory dysfunction 1.3 
Testicular failure 1.3 
Drugs/radiation 1.1 
Endocrinopathy 1.1 
Others 2.1 


Source: Nagler HM, Martinis FG. Varicocele. In: Lipshultz LI, 
Howards S, editors. Infertility in the Male. St. Louis, MO: Mosby 
Year Book; 1997; pp. 336-59. 
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Hypogonadotropic hypogonadism 
Hypogonadotropic hypogonadism is caused by inad- 
equate GnRH secretion, which could be acquired or 
idiopathic. 


Acquired: CNS abnormalities, head trauma, pitu- 
itary tumors, autoimmunologic, radiation, Cushing 
disease (through negative feedback of cortisol on 
the hypothalamus > GnRH). 

Idiopathic: insufficient GnRH secretion, idiopathic, 
with Kallmann syndrome (hypogonadotropic 
hypogonadism plus anosmia, cleft palate), or 
Prader-Willi syndrome (hypotonia, obesity, cryp- 
torchidism, short stature, mental retardation). 


Hyperprolactinemia 

Hyperprolactinemia is associated with erectile dys- 
function, low serum testosterone, and decreased 
libido. Often, this condition is idiopathic or caused by 
stress and/or medications. However, a pituitary tumor 
has to be ruled out. The most effective modality in 
this context is an MRI of the head. 


Other causes 

Other potential causes for pretesticular infertility are 
hemochromatosis (iron deposits in testes (primary 
failure)/pituitary (secondary)), estrogen-producing tumors 
(adrenocortical, Sertoli cell tumor), or Noonan syndrome 
(male counterpart to Turner syndrome + cryptorchidism). 


Intratesticular etiology 


Klinefelter syndrome (47, XXY) 

Klinefelter syndrome is the most common chro- 
mosomal cause of male infertility. It is estimated to 
occur in 1:500-1:1000 live births [8]. The syndrome 
has a broad variation of clinical presentation and is 
typically associated with eunuchoid appearance and 
delayed puberty. 


46, XX male syndrome 

Less frequent than Klinefelter syndrome (1:20,000). 
Presentation with gynecomastia, azoospermia, shorter 
stature, and hypospadias. 


Down syndrome (trisomy 21) 

Patients with Down syndrome typically present with 
impaired cognitive ability and physical growth, tes- 
ticular dysfunction, and elevated LH and FSH levels. 


Varicocele 

Varicoceles are very common findings and affect up 
to 15% of the male population. They represent the 
most common attributable cause of male infertil- 
ity and are a dilatation of the pampiniform plexus 
which leads to an increased testicular temperature 
and consecutive impairment of spermatogenesis [9]. 
Additional explanations for impaired spermatogen- 
esis with varicoceles are reflux of toxic renal and 
adrenal metabolites to the testis and hypoxia of the 
testis through impaired venous outflow and associ- 
ated oxidative stress [10]. Most commonly, a varico- 
cele is found on the left side due to the drainage of 
the left scrotal vein to the renal vein which is con- 
sidered to cause more turbulences than the direct 
drainage of the right testicular vein to the caval vein. 
Treatment is recommended if the varicocele is pal- 
pable on clinical examination, the couple has infer- 
tility, the female partner has normal fertility, and the 
male partner has abnormal findings on semen analy- 
sis (Best Practice Committee of the American Society 
for Reproductive Medicine). 


Cryptorchidism 

Cryptorchidism or undescended testis is a com- 
mon finding in up to 2.7% of newborns, but <1% 
in 1-year olds. These patients are at high risk for 
infertility, even if the undescended testis is surgically 
brought to the scrotum. Impaired spermatogenesis is 
typically associated with elevated FSH and reduced 
inhibin levels. However, fertility rates are reported 
to be up to 89% in unilateral, 93% in age-matched 
controls, and 65% in patients with a history of bilat- 
eral cryptorchidism [11]. 


Trauma 

Testicular trauma is a common cause for acquired 
infertility, either directly through the damage of testic- 
ular tissue or/and through the formation of antisperm 
antibodies (ASA). 


Chemotherapy/radiation therapy 

Radiation and chemotherapy are highly toxic to 
the testicular germ cells. Leydig cells, however, are 
more resistant and testicular testosterone production 
might be preserved. Even after radiation therapy with 
shielded testis, infertility might be caused by reactive 
oxygen-free radicals. 
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Sickle cell disease 

Sickle cell disease could cause infertility as a conse- 
quence of microembolisms to the testis and secondary 
testicular scarring. 


Other toxins 
Alcohol, cigarettes, and marijuana use have been 
associated with infertility. 


Post-testicular etiology 


Vas deferens obstruction 

Obstruction of the vas deferens might be congeni- 
tal or acquired. Congenital obstruction has been 
reported in men whose mothers were exposed to DES. 
Furthermore, the congenital bilateral absence of the 
vas deferens (CBAVD) is a very common finding in 
cystic fibrosis. 

Acquired obstruction of the vas deferens could be 
caused by surgery (inguinal hernia surgery, vasec- 
tomy) or prior infections (chlamydia, gonorrhea, 
tuberculosis) 


Ejaculatory duct obstruction 

Patients with ejaculatory duct obstruction typically 
present with normal FSH/LH, azoospermia, low ejac- 
ulatory volume, and bilaterally normal palpable vasa 
deferentia. Transrectal ultrasound usually leads to the 
diagnosis by the presence of dilated seminal vesicles. 


Retrograde ejaculation 

Retrograde ejaculation could be caused by a number 
of conditions, such as previous bladder neck surgery, 
retroperitoneal lymph node dissection, transurethral 
surgery, medications (alpha-antagonists, antide- 
pressants), diabetes, spinal cord injury, and others. 
The consequence is demission of the semen into the 


bladder. 


Management 
Diagnosis and clinical investigations 


History 

Obtaining a thorough medical history is key to iden- 
tify potential reasons for infertility. It is important to 
specifically ask for the duration of infertility, previ- 
ous induced pregnancies, previous pregnancies of the 
female partner, and the results of potential previous 
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fertility assessments. Furthermore, seemingly trivial 
questions about libido, sexual habits, timing of inter- 
course, and the use of contraceptive methods have to 
be elucidated. Furthermore, developmental defects 
have to be evaluated. Evaluation should be under- 
taken for history of abnormal testicular descent, tes- 
ticular surgery, abnormal puberty, loss of body hair, 
or decrease in frequency of shaving. Furthermore, 
any learning disabilities suggestive of Klinefelter syn- 
drome and other childhood conditions, such as testic- 
ular torsion, orchitis, and hypospadias repair should 
be specifically asked about. Urological surgeries in the 
past should also be evaluated. 

The presence of chronic medical conditions, such 
as diabetes, neurological disorders, renal, or liver dis- 
ease could be important reasons for infertility. With 
regard to the urological history, previous infections of 
the urinary tract, sexually transmitted diseases (STD), 
previous testicular trauma, or testicular cancer should 
also be elucidated. 

The social history could be important if there is evi- 
dence for cigarette and marijuana smoking and the 
regular use of alcohol as they could lead to decreased 
sperm count and/or motility/morphology and hypog- 
onadism, respectively. 

There are a number of medications, such as spirono- 
lactone, ketoconazole, and others which exhibit an 
antiandrogenic action. Others, such as sulfasalazine, 
colchicine, and methotrexate lead to impairment of 
sperm quality on many levels. 

Furthermore, there are a number of substances and 
conditions which could cause infertility simply by 
environmental exposure. These include heat exposure 
and exposure to certain pesticides and other toxic sub- 
stances in agriculture and several industrial branches. 

The level of knowledge in the majority of couples 
regarding timing of the intercourse and the use of 
potentially sperm-harming substances (lubrication) is 
highly overestimated by many physicians and should 
be specifically asked about. 


Physical examination 


General Physical examination should be comprehen- 
sive with a special focus on the genital examination. 
However, possible endocrinological imbalances and/ 
or genetic syndromes could be suspected from the 
general examination. A special focus should be on 
the level of virilization, gynecomastia, and eunuchoid 
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proportions, which could be caused by low serum 
testosterone, adrenal dysfunction, irregularities in the 
estrogen-testosterone ratio, or Klinefelter syndrome. 


Genital 

Generally, the genital examination is started with an 
examination of the penis. Abnormalities, such as phi- 
mosis, hypospadias, or Peyronie’s disease should be 
excluded. The testes should be examined in the supine 
and standing position in a warm room to prevent con- 
traction of the cremasteric muscles. The testes should 
be palpated between the thumb, the index, and the 
third finger. The examiner has to evaluate size and 
consistency. To estimate the testicular volume, a Prader 
orchidometer or alternatively ultrasound measurement 
should be used. Normal testicular measurements have 
been established to be 20 mL in volume [12]. Since the 
majority of testicular volume (~85%) is considered to 
be involved in spermatogenesis, impaired spermato- 
genesis is likely with significantly reduced testicular 
size. On the other hand, testicular swelling could be 
caused by orchitis, testicular neoplasms, or other con- 
ditions requiring medical or surgical therapy. 


Laboratory testing 


Semen analysis—abnormal findings 

Semen analysis is the cornerstone of the diagnostic 
workup for male infertility. It should be performed 
at a certified and experienced andrological laboratory 
to prevent misdiagnosis. The analysis of the semen 
includes macro- and microscopic evaluation, bio- 
chemical and immunological testing. The sample is 
usually collected through masturbation. However, if 
this is not an option for the patient, a special nonsper- 
micidal condom can be used in order to collect the 
sample during intercourse. If patients prefer to obtain 
the sample at home, transportation to the labora- 
tory within 30 minutes at body temperature should 
be guaranteed. Sexual abstinence is recommended 
for a period of 3 days, but not longer than 5 days. 
There should be two sperm analyses performed with 
a minimum of 7 days in between. The details on nor- 
mal sperm count findings are described above and in 
Table 5.1. The following diagnoses could be estab- 
lished from this investigation. 


Aspermia Aspermia is defined as the absence of any 
ejaculate. Potential reasons for this condition are 


medications, retroperitoneal or bladder neck surgery, 
ejaculatory duct obstruction, diabetes, spinal cord 
injury, psychological disturbances, or idiopathic. 


Azoospermia Azoospermia is the absence of sperm 
in the ejaculate. It could be caused by congeni- 
tal or acquired obstruction or absence of the vas 
deferens or spermatogenic arrest. Previous vasec- 
tomy is one of the most common reasons for azoo- 
spermia. One has to consider the following differ- 
ential diagnoses. 


Hypogonadotropic hypogonadism, Kallmann syn- 
drome, pituitary tumor with hormonal imbal- 
ances, spermatogenic—-chromosomal abnormalities, 
Y-chromosome microdeletions, gonadotoxins, vari- 
cocele, viral orchitis, torsion, idiopathic. 

Ductal obstruction—CBAVD, vasal obstruction, 
epididymal obstruction, ejaculatory duct obstruction 


Oligospermia Oligospermia is defined as a sperm 
concentration below the lower reference limit of 
15 million/mL. Reasons for this condition are numer- 
ous and include the following: 


varicocele (most common), cryptorchidism, idio- 
pathic, drugs/heat/toxins, systemic infection, endo- 
crinopathy. 


Asthenospermia Asthenospermia is present if the per- 
centage of motile sperm is below the lower reference 
limit for this characteristic (<40% overall motility or 
<32% progressive motility). This condition could be 
caused by a number of factors such as spermatozoal 
structural defects, prolonged sexual abstinence, idi- 
opathic, genital tract infection, and ASA. 


Teratospermia Teratospermia describes defects in 
sperm morphology. According to the latest WHO 
handbook for the evaluation of the ejaculate, at least 
4% of the sperm should exhibit regular morphology. 

Combinations of the aforementioned conditions 
are frequent. If a patient shows a low sperm count 
with reduced motility, the condition is called oligoas- 
thenospermia. 


Advanced sperm analyses 


Postcoital test In the postcoital or sperm—mucus inter- 
action test, the capability of sperm to transverse the 
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cervix and the cervical mucus is evaluated. This in 
vitro test is performed 2-8 hours after regular inter- 
course utilizing a mucus migration assay. Generally, 
10-20 sperms per high power field (HPF) are con- 
sidered normal. Abnormal testing could be caused 
by ASA or inappropriate timing of the test as well 
as abnormal semen parameters and/or poor cervical 
mucus quality [13]. 


Acrosome reaction This test is rarely performed 
in clinical practice. The acrosome is a membrane- 
bound organelle at the sperm head which is cru- 
cial for successful sperm penetration into the ovum 
through the zona pellucida. Normal sperm shows a 
spontaneous acrosome reaction rate of <5%. How- 
ever, if stimulation is performed during testing, the 
induced acrosome reaction rates are between 15% 
and 40%. Lower rates could be caused by sperm head 
malformations. 


Hamster egg penetration assay In this assay, the 
functional capacity of sperm to fertilize an oocyte is 
determined. It is performed with zona pellucida free 
hamster eggs and allows observing the capability of 
spermatozoa to undergo capacitation, acrosome reac- 
tion, membrane fusion with oocytes, and chromatin 
condensation. Poor test results could explain unfa- 
vorable IVF results [14]. 


Sperm chromatin and DNA assays With the increased 
use of IVF, a number of tests for sperm DNA dam- 
age have been established. Spermatozoal chromatin is 
packed in the nuclear head in order to prevent stress 
and breakage. Its damage has multiple reasons, such 
as oxidative stress, tobacco use, chemotherapy, tes- 
ticular cancer, and others [15]. Defects in sperm chro- 
matin could explain low success rates of IVE. How- 
ever, test results depend on many factors and show 
great intra- and interindividual variations. 


Computer-aided semen analysis 

Computer-aided semen analysis (CASA) was first 
applied in the 1980s to make sperm analyses more 
objective. With CASA a camera is linked to a com- 
puter and sperm concentration and movements are 
semiautomatically evaluated. In addition to curvilin- 
ear velocity, straight-line velocity and path velocity 
are measured. CASA is used very rarely in daily prac- 
tice due to the immense technical expenditure with 
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no direct clinical consequences. However, for research 
purposes, CASA is an interesting tool [16]. 


Antisperm antibody test Normally, the immune sys- 
tem does not have any contact with postmeiotic germ 
cells due to the blood-testis barrier established by the 
Sertoli cells. However, if there has been an infection, 
vasectomy, testicular torsion, or testicular trauma, 
the barrier is violated and ASA formation may result. 
The effect of the antibodies on the spermatozoa could 
be agglutinating, immobilizing, or spermotoxic. The 
impact on the presence of ASA on male infertility 
has not been entirely understood. However, if ASA is 
present and the postcoital test is abnormal, intracy- 
toplasmic sperm injection (ICSI) should be preferred 
over IVE. The most commonly specific method to date 
to evaluate ASA is the immunobead test. 


Endocrine analysis It is estimated that only 3% of 
infertile man have endocrinopathies [17]. Routine 
hormonal testing includes FSH, LH, testosterone, and 
prolactin. Although testing is recommended by inter- 
national committees only in cases of low sperm con- 
centration, impaired sexual function, or other find- 
ings indicating endocrinological irregularities, many 
physicians perform hormonal analyses routinely in all 
men complaining of subfertility. 

One has to consider that testing for testosterone 
should be performed in the morning due to its physi- 
ologic decline during the day. Elevations in FSH could 
be caused by spermatogenic defects, such as primary 
testicular failure presenting with hypergonadotropic 
hypogonadism. Obstructive conditions typically pre- 
sent with normal FSH and oligo- or azoospermia. 
Hypogonadism (low serum testosterone) could be 
caused primarily by testicular failure or hypothalamic 
of pituitary imbalances. 

Low FSH and LH could be an indicator for Kall- 
mann syndrome and require advanced endocrinologi- 
cal evaluation. 

Elevation in estrogen levels could present with erectile 
dysfunction, gynecomastia, libido problems, and low 
testosterone. The most common causes are obesity and 
aromatization of testosterone to estradiol in adipocytes. 

Hyperprolactinemia typically presents with low 
serum testosterone and elevated LH. While mildly 
elevated prolactin levels could be caused by stress, 
medications, or idiopathically, significantly elevated 
levels need further work-up to rule out prolactinoma. 
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Rarely, other endocrinopathies such as congenital 
adrenal hyperplasia (CAH) and thyroid dysfunction 
are causes for subfertility. 


Imaging 


Transrectal ultrasound 

Transrectal ultrasound (TRUS) provides detailed 
information on the prostate and seminal vesicles. 
Abnormal findings of the vas deferens ampulla and 
ejaculatory ducts could also be detected. TRUS is espe- 
cially helpful in patients with oligo- or azoospermia, 
in whom ejaculatory duct obstruction is suspected. 
This condition typically presents with enlarged semi- 
nal vesicles (width 12-15 mm) or dilated ejaculatory 
duct diameter (>2.3 mm) [18]. 


Seminovesiculography 

Seminovesiculography is performed by TRUS-guided 
injection of radiopaque contrast into the seminal 
vesicles. Thereafter, radiographs are done to evalu- 
ate the anatomy of the seminal vesicles and ejacula- 
tory ducts. 


Scrotal ultrasonography 

Scrotal ultrasound is an effective and simple way 
to evaluate testicular and epididymal anatomy. Tes- 
ticular cancer, which may be associated with infertil- 
ity, could be detected. Furthermore, infections like 
epididymitis and other conditions such as epididymal 
cysts which could cause obstruction are easily iden- 
tified. The presence of a varicocele could be verified 
by utilizing Doppler ultrasound during the Valsalva 
maneuver. 


Vasography 

Vasography is the method of choice to test for assess- 
ing the patency of the ductal system. A typical patient 
would present with azoospermia and normal findings 
on testicular biopsy. Vasography is mainly performed 
at the time of anticipated surgical reconstruction due 
to the fact that scarring might occur at the vasogram 
site [19]. 


Testicular biopsy 


Testicular biopsy is indicated 
patients with normal endocrine studies to evaluate 
spermatogenesis. Obstructive versus nonobstructive 


in azoospermic 


azoospermia could be differentiated that way. Addi- 
tionally, sperm may be retrieved for future ICSI. Typ- 
ically, testicular biopsy is an outpatient procedure 
under local anesthesia. It is of greatest importance 
to preserve the samples properly (Bouin’s solution, 
Zenker’s solution) to prevent distortion artifacts into 
the specimen with formalin perseveration. There are 
several scores established to quantify spermatogenic 
failure. One of the most commonly used is the John- 
sen score [20]. 


Histological findings 

Normal: adequate number of germ cells with regular 
maturation to elongated spermatids and sperma- 
tozoa. 

Hypospermatogenesis: decreased number of all germ 
cells; if no obstruction is present it correlates with 
sperm count findings. 

Maturation arrest: spermatogenesis is blocked at a 
specific stage, for example, spermatogonia or sper- 
matocytes I. 

Sertoli cell only syndrome: small seminiferous tubules 
without any germ cells. 


Treatment 
Surgical therapy 


Vasovasostomy/vasoepididymostomy 

If vas deferens obstruction or discontinuation is 
proven, microsurgical correction is indicated. With 
advances in clinical experience and surgical technique, 
excellent patency rates can be achieved for vasovasos- 
tomy [21]. However, even with patency rates >90%, 
pregnancy rates are still significantly lower and vary 
between 30% and 70%. One of the most important 
factors in this setting is the age of the female part- 
ner [22]. Vasoepididymostomy is technically very 
challenging and should be performed by experienced 
surgeons. The patency results are inferior compared 
to vasovasostomy. 


Varicocelectomy 

There have been several surgical techniques described 
for varicocelectomy. One of the latest approaches 
introduced in the 1990s is the scrotal one where the 
veins of the varicose plexus are ligated. However, 
there is a great risk of testicular artery injury and sec- 
ondary testicular atrophy. 
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In the retroperitoneal approach, the dilated testicu- 
lar veins are clipped or ligated with a small abdominal 
incision. The advantage is that the testicular veins are 
ligated at a level where only two or three branches are 
present and the testicular artery has not yet branched. 
Therefore, separation of the veins and preservation 
of the artery are easier. The laparoscopic approach is 
similar to the retroperitoneal one with the difference 
that access to the testicular vein is transperitoneally 
with the need of peritoneal incision over the testicular 
vessel. 

To date, the preferred method is an inguinal or a 
subinguinal approach. The inguinal approach has 
the advantage of fewer vascular branches encoun- 
tered compared to the subinguinal approach. With 
microsurgical equipment, individual veins are 
ligated. A recent meta-analysis suggests that varico- 
celectomy leads to statistically significant improve- 
ments of sperm count and sperm motility with the 
inguinal approach yielding the highest pregnancy 
rates [23]. 


Sperm retrieval 
There are several ways to retrieve sperm for further 
therapy. 

The easiest way is via percutaneous epididymal 
sperm aspiration (PESA), which offers the advan- 
tage of local anesthesia and better sperm motility, 
but has high variability of success in retrieving sperm 
and typically allows only small quantities of sperm 
retrieval. Furthermore, epididymal obstruction may 
occur. 

Microsurgical epididymal sperm aspiration (MESA) 
yields large numbers of sperm with good motility and 
has a low complication rate. However, it requires 
anesthesia in some cases and microsurgical skills are 
needed. Similar to PESA it is not indicated for nonob- 
structive azoospermia. 

Testicular sperm aspiration (TESA) provides sperm 
with poorer motility than PESA, but could be applied 
in cases of nonobstructive azoospermia. However, 
due to the little—if any—amount of sperm retrieved, 
it is rarely performed. 

Testicular sperm extraction (TESE) with microsur- 
gical dissection and intraoperative evaluation of suit- 
able areas of sperm retrieval is the preferred technique 
in cases of nonobstructive azoospermia. It requires 
anesthesia in some cases. 
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Transurethral resection of the ejaculatory ducts 
Transurethral resection of the ejaculatory ducts 
(TURED) is recommended in patients with proven 
obstruction of the ejaculatory ducts. It could be 
performed as an outpatient procedure and harbors 
the risk of retrograde ejaculation, epididymitis, and 
bleeding. It is typically performed as an excision of 
the verumontanum. Success rates vary widely in the 
literature. It has been reported that up to 100% of 
men with partial ejaculatory duct obstruction benefit 
from TURED with respect to improvement of postop- 
erative sperm count measures, while the majority of 
patients with complete obstruction of the ejaculatory 
ducts (~77%) seem not to benefit [24, 25]. 


Electroejaculation 
Electroejaculation is performed under general anes- 
thesia and in patients with spinal cord injury. A rectal 
probe is inserted and stimulations are begun at 5 V 
against the posterior seminal vesicles. The voltage is 
increased as necessary. Sperm retrieval rates are gen- 
erally >80% [26, 27]. 

Alternatively, a penile vibrator stimulator could be 
applied with less side effects and no need for general 
anesthesia but lower rates of sperm retrieval. 


Medical therapy 


Medical therapy for the treatment of male infertility 
is very limited. 


Antisperm antibodies 

In patients with high ASA titers (>1:32), medical 
therapy with glucocorticoids might be effective (pred- 
nisone 40-80 mg/day for up to 6 months). However, 
one has to consider the potential side effects including 
Cushing syndrome. 


Retrograde ejaculation 

The most effective medications to treat retrograde 
ejaculation are alpha-sympathomimetics. However, 
there is a low evidence level in the literature. The sub- 
stance of choice is imipramine. Overall mean response 
rate in terms of antegrade ejaculation is 65% for imi- 
pramine, while other substances, such as bromphe- 
niramine and ephedrine yield response rates of 38% 
and 20%, respectively [28]. Alternatively, sperm 
could be retrieved from the urine after ejaculation and 
used for ICSI. 
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Endocrine disorders 

Patients with hypogonadotropic hypogonadism typi- 
cally benefit from GnRH therapy. If hypogonadism is 
secondary to hyperprolactinemia/pituitary adenoma, 
prolactin concentrations should be lowered by the 
discontinuation of offending medications and poten- 
tially dopamine agonists (cabergoline, pergolide, 
bromocriptine). For macroadenomas of the pituitary 
gland, surgery is the treatment of choice. 


Genital infections/leukospermia 
For genital infections and/or leukospermia, anti- 
microbial therapy is recommended (erythromycin/ 
bactrim/quinolone for 10 days). 


Prognosis 


Of infertile couples, 25-35% will conceive by inter- 
course alone without treatment [29]. While intrau- 
terine insemination is only effective with mild male 
infertility, in vitro fertilization—with sperm con- 
centration <5 million/mL and poor motility—pro- 
vides pregnancy rates of <10%. ICSI—fertilization 
rate has a rate of ~60%, with a pregnancy rate of 
~20% (multiple pregnancy rate: 29-38%) [30, 31]. 
Testicular spermatozoa with maturation arrest, 
defective spermiogenesis, deletion of the DAZ gene 
from Klinefelter syndrome, and long-standing azoo- 
spermia after chemotherapy have the ability to fer- 
tilize human oocytes. Thus, ICSI has revolutionized 
the treatment and improved the prognosis for fer- 
tility of men with the above mentioned conditions. 
Approximately 70% of men will have improvement 
in semen parameters (motility, then count and mor- 
phology) after varicocelectomy. 


Conclusion 


Infertility is a common medical problem with an 
almost equal distribution of male and female fac- 
tor infertility. A variety of potential causes have to 
be thoughtfully evaluated through history, physical 
examination, and a variety of simple, and if neces- 
sary, highly advanced tests. Despite these efforts, a 
huge proportion of male factor infertilities remain 
idiopathic. However, treatment options are numer- 
ous and need the full support of a multidisciplinary 
team. 


WHAT TO AVOID/KEY PITFALLS 


e Extensive female infertility evaluation is typically 
invasive and costly. Evaluation of the male partner 
should be performed first in infertile couples. 
Accuracy of sperm count measures highly depends on 
the experience of the respective laboratory. Standard- 
ized methods should be guaranteed. 
e Sperm count measures could vary intraindividually. 
Confirm abnormal sperm count measures at least once. 


KEY WEB LINKS 


http://andrologysociety.org/resources/Handbook/ 
http://www.auanet.org/content/media/optimalevalua- 
tion2010.pdf 
http://www.uroweb.org/gls/pdf/15_Male_Infertility_ 
LR%20II.pdf 
http://www.nice.org.uk/nicemedia/pdf/CG01 1 niceguide- 
line.pdf 

http://guideline.gov/content.aspx?id=4807 
http://www.cdc.gov/std/infertility/default.htm 


Multiple choice questions 


1 A diagnosis of obstructive azoospermia can be con- 
firmed by 

a Abnormal FSH and LH levels 

b Abnormal scrotal ultrasound 

c Abnormal prolactin levels 

d Evidence of vas deferens obstruction on 

vasography 
e None of the above 


2 Vasectomy reversal is typically 

a A simple, technically not challenging procedure 

b An alternative treatment to TESE and ICSI 

c A microsurgical procedure with high patency 
rates 

d A microsurgical procedure with similar patency 
and pregnancy rates 

e The treatment of choice for CBAVD 


3 Which of the following are typical features shown 
by patients with Klinefelter syndrome 
a The most common karyotype is 47 XXYY 
b Patients typically present with a short stature 
c The syndrome is commonly associated with 
azoospermia 
d The syndrome is commonly associated with 
increased gonadotropin levels 
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e ‘Treatment for infertility is successful in the 
majority of cases 


Varicocele typically presents 
With impaired sperm analysis 
Bilaterally 

With a painful swelling 

In advanced ages 

On the left side 
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KEY POINTS 


Obtaining an erection sufficient for sexual activity requires 
a complex interplay between the central and peripheral 
nervous system and functional anatomic structures of the 
penis. 

It is generally accepted that nitric oxide represents the 
primary neurotransmitter mediating erection. 

The etiology of erectile dysfunction (ED) includes 
psychogenic, neurogenic, vasculogenic, endocrinologic, 
and drug-induced. 

Evaluation of the patient with ED is based primarily on the 
history and physical examination. 

Duplex penile ultrasound is the initial radiographic study 
for evaluating vasculogenic ED. 

Oral phosphodiesterase type 5 (PDES) inhibitors are the 
first-line therapy for most men with ED. 

Oral PDES inhibitors should not be used in men taking 
nitrates for chest pain. 


Intraurethral alprostadil suppositories and intracavernous 
injections with a combination of alprostadil, papaverine, and 
phentolamine are other effective medical therapies for ED. 
Penile prosthesis surgery is an effective therapy for men 
with ED refractory to medical therapy. 

Peyronie’s disease is a localized connective tissue disorder 
of the tunica albuginea. 

Peyronie’s disease is characterized by a dorsal plaque and 
associated penile deformity. 

e There is a strong association between Peyronie’s disease 
and ED. 

Various oral and intralesional injection therapies exist for 
Peyronie’s disease which have varying degrees of success. 
e Surgical management of Peyronie’s disease should only 
be performed after plaque stability. 

Penile prosthesis surgery for Peyronie’s disease should 
only be performed in the setting of severe ED. 


CASE STUDY 1 


A 63-year-old male presents to his urologist with a chief 
complaint of ED. He states he is unable to have an erec- 
tion for the past 6 months, and noted a decreased quality 
of his erections over the past year. He denies penile pain or 
loss of libido. He does not have any recent psychosocial 
stresses, and the condition is troublesome to him and his 
wife of 30 years. His past medical history is significant for 
hypertension, type-2 diabetes, hyperlipidemia, and obesity. 
He denies any past surgical history and has not had any 
major trauma in his life. Medications include propranolol, 
simvastatin, lantus, and aspirin. He has no allergies. 


This patient has ED which is causing significant distress. 
Risk factors for the development of ED in this patient in- 
clude age, hypertension, diabetes, obesity, and the use of a 
nonselective B-blocker. Initial management includes gen- 
eral lifestyle recommendations including weight loss, ex- 
ercise, and proper diet. Additionally, changing of his anti- 
hypertensive should be considered if possible. This should 
be done under the direction of his primary care physician. 
Finally, this patient may consider therapy with an oral 
PDES inhibitor. He has no absolute contraindications to 
this medication as he is not on nitrates. 
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After changing his antihypertensive to an ACE inhibitor, 
implementing lifestyle changes, and initiating sildenafil 
50 mg daily on demand, he has experienced a marked 
return of erectile function. The patient and his wife are 


satisfied with their current sexual relationship. This case 
highlights the importance of a thorough history when 
evaluating a patient with ED. 


CASE STUDY 2 


A 69-year-old male has a history of significant ED second- 
ary to long-standing diabetes and hypertension. He had 
a three-piece inflatable penile prosthesis placed 3 years 
ago. The left corporal cylinder eroded 8 months ago re- 
quiring explanation of the left cylinder. This was replaced 
5 months ago. Since then, the device has been working 
well, and he and his partner are satisfied with the result. 
The patient reports to your office with a history of scrotal 
pump tenderness and erythema of the scrotum. On physi- 
cal examination, the patient has a fever of 101.9°F, a pulse 
of 110, and a blood pressure of 108/72. His scrotum is 
very tender to palpation with induration and erythema ex- 
tending to his left groin. Routine laboratory tests are sent 
which reveal a white blood cell count of 20,000. 


This patient clearly has an infected penile prosthesis. 
His risk factors include multiple surgeries and diabetes. 
Given his local and systemic symptoms, he should be ad- 
mitted to the hospital, broad spectrum antibiotics admin- 
istered, and plans made for urgent prosthesis removal. It 
is important to remember that the entire device should 
be considered infected and explanted. After removal of 
the device and several days of intravenous antibiotics, 
the patient improved. He was discharged to home with 
wound care and a 2-week course of antibiotics. This case 
highlights the importance of identifying a patient with an 
infected penile prosthesis and the general management of 
these patients. 


CASE STUDY 3 


A 53-year-old male presents to your office with an 8-week 
history of penile pain and deformity. The process started 
without any single inciting event and has been progressing 
over the past 8 weeks. He describes a 30° upward bend 
of the penis which impairs his ability to have sexual in- 
tercourse with his girlfriend. A picture diary of his erect 
penis confirms these findings. The couple had previously 
enjoyed a vigorous sexual relationship. He denies any ED 
associated with the condition, but feels he is unable to have 
intercourse due to the functional bend of his penis. On 
physical examination, the patient has a palpable area of 
induration on the dorsal aspect of his penis. 


Over the next 4 months, the patient is treated with oral 
vitamin E and intralesional injections of verapamil. His 
symptoms did not progress, but did not improve either. After 
7 months of symptom onset, the patient reports no pain and 
a stable penile deformity interfering with sexual activity. He 
is interested in surgical management. He chooses to undergo 
a Nesbit plication. Postoperatively, his deformity is correct- 
ed, and he is able to enjoy a normal sexual relationship. Al- 
though not interfering with his sex life, he is slightly troubled 
by a perceived loss of penile length after the operation. This 
case highlights the important diagnostic and management 
issues in patients presenting with Peyronie’s disease. 


Erectile dysfunction 
Introduction 


Erectile dysfunction (ED) is the persistent inability 
of man to obtain and maintain an erection sufficient 
for sexual activity. The prevalence of ED increases 
with age and may be due to an alteration of the nor- 
mal anatomic, neurologic, vasculogenic, or psycho- 
genic mechanisms necessary for successful erection. 
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Diagnosis and treatment consist of identifying possi- 
ble etiologies and initiating patient-directed care. The 
following chapter reviews the evaluation and treat- 
ment of a man presenting with ED. 


Normal erectile physiology 


Obtaining an erection sufficient for sexual activity re- 
lies on a complex interplay between the central and 


peripheral nervous system and anatomic structures 
of the penis. The three structures in the penis that 
become engorged with blood during erection are the 
paired corpora cavernosa and corpus spongiosum. 
The corpora cavernosa, the primary erectile bodies 
of the penis, are composed of a network of sinusoids 
which fill with blood during erection. The cavernosal 
bodies are covered by a collagen-rich layer called the 
tunica albuginea which provides rigidity to the blood- 
filled erect penis. The corpus spongiosum has an in- 
complete tunica albuginea which allows for a low 
pressure urethra during erection [1]. 

The internal pudendal artery provides the main 
blood supply to the penis. However, up to 35% of 
men will have an accessory pudendal artery which 
may represent the main blood supply to the penis [2]. 
The internal pudendal artery terminates in the cav- 
ernosal arteries which run through the center of the 
corpora cavernosa and represent the main inflow of 
blood during erection. Venous drainage of the erectile 
bodies is via a subtunical venous plexus which drains 
into the deep dorsal vein of the penis. The paired cav- 
ernous nerves carry parasympathetic (S2-S4), sympa- 
thetic (T11-L2), and nonadrenergic/noncholinergic 
(NANC) fibers, and represent the main autonomic 
innervation of the cavernosal bodies [1]. 

In the flaccid state, the smooth muscle in the 
cavernosal bodies and arterial walls are tonically 
contracted resulting in a low flow state. Sexual 
stimulation results in the release of neurotransmit- 
ters from cavernous nerve terminals as well as the 
endothelial lining of the corporal sinusoids. Al- 
though acetylcholine is released from cholinergic 
nerve terminals, it is generally accepted that nitric 
oxide (NO) represents the primary neurotransmit- 
ter mediating erection [3, 4]. The release of NO re- 
sults in smooth muscle relaxation, arterial dilation, 
and an increase in penile blood flow. This smooth 
muscle relaxation is mediated by NO interacting 
with cGMP resulting in an increase in intracellular 
calcium via cGMP-dependent protein kinases. The 
incoming blood is trapped within the sinusoids of 
the cavernosal bodies. As the corporal bodies be- 
come engorged, the subtunical venous plexus be- 
comes compressed under the tunica albuginea and 
venous drainage is prevented. The trapped blood 
within the cavernosal bodies in conjunction with 
support from the tunica albuginea results in penile 
tumescence and rigidity [1]. 
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Table 6.1 Risk factors for the development of erectile 
dysfunction 


Advanced age 

Poor general health status/chronic disease 
Diabetes mellitus 

Obesity 

Cardiovascular disease 
Chronic renal failure 
Prostate disease 
Dyslipidemia 

Low socioeconomic status 
Smoking 

Psychiatric disorders 
Medications 

Pelvic surgery/trauma 


Epidemiology and etiology of ED 


The incidence of ED worldwide has been estimated to 
range from 10% to 20% [5]. However, this incidence 
varies significantly with age. Data from the Massachu- 
setts Male Aging Study (MMAS) reported the incidence 
of complete, moderate, and mild ED among 40-year- 
old men was 5.1%, 15%, and 17%, respectively. 
Among 70-year-old men, rates increased to 15%, 34%, 
and 17%, respectively [6]. Additional risk factors for 
the development of ED are listed in Table 6.1. 

The etiology of ED can roughly be subdivided into 
two main groups: organic and psychogenic. Organic 
ED can be further subdivided into vasculogenic, neu- 
rogenic, and endocrinologic. Psychogenic ED can 
be subdivided into generalized and situational ED. 
A final category includes drug-induced ED which 
may account for up to 25% of cases (Table 6.2) [7]. 


Table 6.2 Common medications associated with erectile 
dysfunction 


Thiazide diuretics 

Nonselective B-blockers 
o-Blockers 

Methyldopa 

Antipsychotic medications 
Tricyclic antidepressants 
Selective serotonin reuptake inhibitors 
Antiandrogens 

5a-reductase inhibitors 

Highly active retroviral therapy 
Large quantities of alcohol 
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Determining the etiology of a patient’s ED is impera- 
tive for optimal management. However, in many pa- 
tients, ED is a mixed condition with several contribut- 
ing risk factors. 

Vasculogenic ED may be secondary to impair- 
ment in the arterial inflow to the cavernosal bodies 
or failure of the veno-occlusive mechanism. Arterio- 
genic ED is due to decreased pressure and flow into 
the cavernosal bodies. The most common etiologies 
include diffuse atherosclerotic disease or occlusion 
of the hypogastric, pudendal, or cavernosal arter- 
ies after pelvic trauma. Risk factors for atheroscle- 
rotic disease include hypertension, diabetes, dyslipi- 
demia, smoking, and pelvic radiation. Failure of the 
veno-occlusive mechanism results in a venous leak 
and failure to retain blood in the penis during erec- 
tion. Common etiologies of veno-occlusive failure 
include degenerative changes/traumatic injury to the 
tunica albuginea, structural changes of cavernosal 
trabeculae and smooth muscle, and acquired venous 
shunts [1]. 

Neurogenic ED can result from a multitude of dis- 
eases involving the brain, spinal cord, or peripheral 
nerves. Up to 19% of all ED has been attributed to a 
neurogenic etiology [1]. Disorders of the central nerv- 
ous system commonly associated with ED include 
Parkinson’s disease, stroke, Alzheimer’s disease, de- 
mentia, and trauma. Notably, up to 95% of patients 
with upper spinal cord lesions have reflexogenic erec- 
tions compared to only 25% of men with lower spinal 
cord injuries [8]. Damage to the pudendal or cavern- 
ous nerves via pelvic or surgical trauma commonly re- 
sults in ED. In addition, damage to peripheral nerves 
associated with diabetes mellitus is a frequent cause 
of ED. In fact, 35-75% of men with diabetes experi- 
ence some degree of ED [9]. 

Endocrinopathies including hypogonadism, hyper- 
prolactinemia, and hyper- and hypothyroidism can be 
associate with ED. Approximately, 5-10% of cases of 
organic ED are attributed to endocrinopathies [10]. 
Importantly, low serum testosterone levels have been 
associated with decreases in libido and sexual activ- 
ity but not with the ability to obtain a stimulated 
erection. 

ED not attributable to the above organic catego- 
ries is typically assumed to be psychogenic in nature. 
Psychogenic ED may be generalized to all sexual 
encounters, situational, or partner specific. The two 
mechanisms that have been attributed to psychogenic 
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ED include inhibition of the spinal erection center by 
the brain and excessive sympathetic outflow [11, 12]. 


Evaluation and diagnosis 


History and physical 

A thorough sexual, medical, and psychosocial his- 
tory followed by a complete physical examination 
is the first step in the evaluation of ED. The sexual 
history should ascertain the onset, duration, severity, 
and circumstances surrounding the altered erectile 
function. Additionally, the presence of morning erec- 
tions should be assessed. Sexual history details that 
may suggest a psychogenic etiology include a sudden 
onset, complete and immediate loss of erection, situ- 
ational ED, and the presence of morning erections. 
A complete past medical and surgical history should 
be obtained to document risk factors for ED. Final- 
ly, a complete physical examination should include 
a general assessment of the patient (body habitus, 
BMI, etc.), genital, cardiovascular, and neurologic 
examinations. 


Laboratory and specialized assessment 

The general laboratory assessment for the patient with 
ED should include fasting glucose, lipid profile, serum 
total testosterone, a complete blood count, and serum 
chemistries. A low serum total testosterone should be 
further analyzed with a serum-free testosterone and 
luteinizing hormone. Finally, prolactin and TSH are 
optional tests that may be ordered at the physician’s 
discretion. 

Although specialized assessment is not routinely 
performed on all patients, these tests may be very use- 
ful in complex cases. Commonly used tests and the 
physiologic component of the erection pathway tested 
are listed in Table 6.3. Duplex ultrasound quantifies 
arterial inflow and identifies veno-occlusive dysfunc- 
tion and is often the first specialized test used to eval- 
uate penile hemodynamics. It is indicated in young 
patients with pelvic trauma or likely arteriogenic ED. 
The evaluation is performed after pharmacostimula- 
tion and includes the penis and the perineum. The 
quality of erection at the time of evaluation should be 
evaluated, and poor erection quality may prompt re- 
dosing of the intracavernosal injection. Peak systolic 
velocity (PSV) >35 cm/s is considered normal while 
PSV < 25 cm/s is suggestive of cavernosal arterial in- 
sufficiency. Veno-occlusive dysfunction is suspected 
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Table 6.3 Specialized tests of erectile dysfunction and the physiologic component of the erection pathway tested 


Test 


Assessment 


Intracavernous injection pharmacotesting 
Duplex ultrasound 

Penile angiography 

Cavernosography 


Nocturnal penile tumescence and rigidity testing 


Vascular status of penis 

Quantification of penile blood flow and veno-occlusive dysfunction 
Surgically correctable vascular lesions 

Site-specific veno-occlusive dysfunction 


Psychogenic etiology 


by persistently high PSV (>25 cm/s), high end diastolic 
velocity (EDV; >5 cm/s), and a restrictive index (PSV/ 
EDV) < 0.75. Full discussion of all specialized testing 
is beyond the scope of this chapter [13]. 


Treatment 


General lifestyle changes including weight loss, ex- 
ercise, cessation of cigarette smoking, and change in 
diet have been shown to improve erectile function in 
certain risk groups. Medications that may be associ- 
ated with ED should be changed or the dose changed 
if medically feasible. Hormonal or endocrine imbal- 
ances detected on initial workup should be corrected. 
Finally, psychosexual therapy may be a therapeutic 
strategy especially in those with psychogenic ED. 
General pharmacologic and surgical therapies are 
discussed below. Patients treated for ED should be 
healthy enough to undergo intercourse. Men with se- 
vere cardiac disease (e.g., inability to climb a flight 
of stairs without becoming short of breath) should 
undergo a cardiology evaluation prior to treatment. 


Medications 

The mainstay of oral pharmacotherapy are phos- 
phodiesterase type 5 (PDE5) inhibiters. PDES is 
responsible for the degradation of cGMP, which is an 
intracellular mediator of NO-induced smooth muscle 
relaxation necessary for erection. Therefore, PDES 
inhibitors augment erections initiated by NO release 
from the endothelium in response to sexual stimula- 
tion [13]. The three main PDES inhibitors available 
include sildenafil (Viagra), vardenafil (Levitra), and 
tadalafil (Cialis). These medications differ in their 
half-lives, timing of action, and side effects as detailed 
in Table 6.4. Generally, all three agents are effective 
and allow men to achieve erections sufficient for in- 
tercourse in approximately 70% [14]. Success rates 
differ based on the etiology with the highest rates 
achieved in patients with spinal cord injuries and 
lower rates in patients with ED secondary to diabe- 
tes or radical prostatectomy (40-50%) [15, 16]. Men 
taking sildenafil and vardenafil should be counseled to 
take the medication on an empty stomach as a high- 
fat meal may delay systemic absorption [17]. Nitrate 


Table 6.4 Properties of the four commercially available PDES inhibitors 


Ty (h) Traz (h) Cross-reactivity Side effects Medication interactions 
Sildenafil 3-5 0.8 PDE6 Visual disturbances Nitrates 
Headache 
Flushing/rhinitis 
Dyspepsia 
Vardenafil 4-5 0.7-0.9 - Headache Nitrates 
Flushing/rhinitis a-Blockers 
Dyspepsia Antiarrhythmics (precaution) 
Tadalafil 17.5 2 PDE11 Myalgias/back pain Nitrates 
Headache a-Blockers 
Flushing/rhinitis 
Dyspepsia 
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use is an absolute contraindication to taking any 
PDES inhibitors due to the risk of severe hypotension. 
Patients should not receive nitrates within 24 hours of 
taking sildenafil or vardenafil and within 48 hours of 
taking tadalafil [18]. Additionally, caution should be 
exercised when taking o-blockers and vardenafil and 
tadalafil due to risk of hypotension. Patients should 
delay taking o-blockers beyond 4 hours for sildenafil 
(doses > 25 mg) [13]. 


Intracavernous injections 

Intracavernous injection therapy involves self- 
injection of vasoactive agents directly into the cor- 
poral bodies immediately before intercourse. The 
three most common agents in commercially available 
preparations include alprostadil, papaverine, and 
phentolamine. These agents may be given as mono- 
therapy or in combination as a “bi-mix” or “tri-mix.” 
Alprostadil is a synthetic form of prostaglandin E 
which increases intracellular cAMP leading to smooth 
muscle relaxation. The typical dose is 10-20 pg. The 
most troublesome side effect specific to alprostadil is 
painful erections as well as pain at the injection site. 
Papaverine is a nonspecific PDES inhibitor which in- 
creases intracellular cGMP and cAMP. Typical dose is 
5-20 mg. Common disadvantages include increased 
risk for priapism and penile fibrosis with long-term 
use. Phentolamine is a nonselective o-blocker admin- 
istered at a dose of 1 mg. Its use in monotherapy is 
limited, and potential side effects include hypoten- 
sion, congestion, and dyspepsia [13]. 

Proper use of these agents results in a successful 
erection in 70-90% of patients [13, 19, 20]. Patients 
are typically started at a low dose, and titrated up as 
tolerated to achieve a successful erection. Contrain- 
dications to intracavernous injection therapy include 
psychological instability, history of priapism, severe 
coagulopathy, severe cardiovascular disease, physical 
inability to perform injections, and the use of mono- 
amine oxidase inhibitors. 


Intraurethral injection therapy 

The only available intraurethral suppository available 
is MUSE (alprostadil). This medication is supplied 
as a suppository which is introduced to the external 
urethral meatus by an applicator devise. With proper 
use, the reported success rate is around 70% [21]. 
Common side effects include penile pain and urethral 
irritation/bleeding (30%). 
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Vacuum constriction devices 

Vacuum erection devices mechanically engorge the 
penis with blood via negative pressure. Proper use of 
the device requires placement of a constricting ring 
at the base of the penis in order to maintain the erec- 
tion. Although success rates range from 67% to 90%, 
patient satisfaction with the device is noticeably lower 
(34-68%) [22]. The advantages of the device include 
its noninvasive nature. Possible side effects include 
penile ischemia (if constricting band left in place for 
>30 minutes), pain, and impaired ejaculation. 


Penile prostheses 

Penile prosthesis surgery is generally considered for 
men with ED refractory to medical therapy, men un- 
willing to participate in medical therapy, and those 
with penile structural deformities occurring in asso- 
ciation with ED. Penile prostheses function by provid- 
ing mechanical support to the two corpora cavernosa. 
The two general types of devices available are the 
semi-rigid and inflatable penile prostheses. 

The semi-rigid device is composed of a malleable, 
firm material which is bent up for intercourse and 
bent down when not in use. Advantages include low 
mechanical failure rates and ease of use. Disadvantages 
include risk of erosion and constant penile rigidity. 
The inflatable penile prosthesis is supplied as either 
a two- or three-piece device. These devices function 
by transferring fluid from a reservoir to inflatable cyl- 
inders in the corpora cavernosa via a scrotal pump 
before intercourse. The three-piece penile prosthesis 
is the device that best allows the patient to maintain 
normal penile flaccidity and erection. 

Inflatable penile prostheses are a successful treat- 
ment modality for ED with patient and partner 
satisfaction rates exceeding 75% [23]. The most 
worrisome complications of penile prosthesis sur- 
gery include infection, erosion, and mechanical fail- 
ure. The incidence of infection is reported at 1-3% 
with rates increasing for patients with diabetes mel- 
litus and those requiring reimplantation [24, 25]. The 
treatment for an infected device is the removal of the 
entire device. Erosion occurs in <5% of patients [26]. 
The treatment consists of removal of the eroded cylin- 
der or the entire device (if erosion has been present for 
prolonged time). Mechanical failure occurs in 5-20% 
of patients by 5 years depending on the device im- 
planted [27]. The treatment should be directed at the 
malfunctioning component. 


Peyronie's disease 
Introduction 


Peyronie’s disease is a connective tissue disorder 
localized to the tunica albuginea. The disease is char- 
acterized by the development of a fibrous plaque 
most commonly on the dorsal aspect of the penis that 
alters penile anatomy. Generally, the disease occurs 
in two phases: the active and quiescent phases. The 
active phase is characterized by painful erections and 
changing of the dorsal plaque and associated penile 
deformity. This phase typically lasts 6-18 months. 
The quiescent phase typically appears after the active 
phase and is characterized by painless erections with 
stabilization of the plaque and associated deformity. 
Up to a third of patients with Peyronie’s disease will 
present with a painless deformity [28, 29]. The fol- 
lowing chapter will discuss the diagnosis and manage- 
ment of patients with Peyronie’s disease. 


Epidemiology and etiology 


Peyronie’s disease most commonly affects men in their 
50’s and has an estimated symptomatic incidence 
of 1%. However, the incidence of Peyronie’s disease 
is thought to be increasing with current estimates 
approaching 5% [30]. There are well-documented 
associations with Peyronie’s disease including 
Dupuytren’s disease, Ledderhose disease, and tym- 
panosclerosis [29]. Specifically, 30-40% of men 
with Peyronie’s disease will also have Dupuytren’s 
disease [31]. ED is closely associated with Peyronie’s 
disease. The nature of ED may be psychogenic, func- 
tional, or vasculogenic. Approximately 20-40% of 
patients with Peyronie’s disease have ED [32]. 

It is generally accepted that trauma is the inciting 
event in the development of Peyronie’s disease. Spe- 
cifically, buckling trauma during sexual intercourse 
is thought to cause trauma where the tunica albug- 
inea inserts into the penile septum. After the inciting 
trauma, it has been proposed that high concentrations 
of proinflammatory cytokines (TGF-B) and failure to 
inhibit antiscarring enzymes (matrix metalloprotein- 
ases) contribute to plaque formation [29]. 


Evaluation and diagnosis 


Men with Peyronie’s disease typically present with pe- 
nile pain, deformity, penile shortening, and presence 
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of a plaque. The evaluation begins with a thorough 
medical history, sexual history, and physical examina- 
tion. The history should ascertain the onset of the dis- 
order, duration of symptoms, presence of associated 
diseases (e.g., Depuytren’s contracture), and the pres- 
ence of ED. Some experts advocate obtaining pictures 
of the patient’s erect penis to quantify the severity of 
the disorder. On physical examination, the vast ma- 
jority of patients will have a palpable plaque on the 
dorsal aspect of their penis. 

The use of radiographic studies in the workup of 
Peyronie’s disease is variable among providers. Ap- 
proximately a third of cases will develop dystrophic 
calcifications within the plaque which can be visual- 
ized with ultrasound or plain film radiography. This 
may be helpful for determining the size of the plaque 
when monitoring the patient or planning for surgery. 
Vascular testing of the penis is often considered in pa- 
tients interested in surgical therapy. This is done to 
better inform patients and providers regarding the 
risk of postoperative ED. 


Treatment 


Medical therapy 

Medical therapy may be implemented at any stage 
of a patient’s disease, but is more efficacious early 
in the disease process [33]. Although many medical 
therapies have been described, there is a paucity of 
high-level data supporting one therapy over another. 
Common oral and intralesional therapies are listed 
in Table 6.5. In general, the use of oral vitamin E or 
acetyl-L-carnitine and intralesional injection of vera- 
pamil or collagenase are reasonable treatment options 
during the active phase of the disease. However, the 
rates of success are unknown, and patients should be 
counseled as such [29]. 


Surgical therapy 

Surgical therapy is reserved for patients who are in 
the quiescent phase of their disease and who have 
a severe deformity interfering with sexual activity. 
Considering that some patients with Peyronie’s dis- 
ease will improve spontaneously, it has been sug- 
gested that surgical intervention be delayed until 
12-18 months after the onset of symptoms. Surgical 
options can be grouped into three categories: (1) tu- 
nical shortening procedures, (2) tunical lengthen- 
ing procedures, and (3) prosthetic procedures [29]. 
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Table 6.5 Commonly utilized oral and intralesional injection therapies for Peyronie’s disease 


Oral therapy Intralesional injection therapy 
Vitamin E Saline 

Potassium Aminobenzoate Steroids 

Tamoxifen Verapamil 

Colchicine Interferon a 2b 


Acetyl-L-carnitine 


Collagenase 


Tunical shortening procedures include corporoplast- 
ies and plication procedures that function to shorten 
the tunica opposite the Peyronie’s plaque [34]. These 
are especially useful in men with associated ED as 
erectile function may be better preserved with these 
procedures. Numerous tunical lengthening proce- 
dures have been described, but most involve incising 
or excising the plaque with the placement of a graph 
in the resultant deformity. Penile prostheses should 
be reserved for patients with Peyronie’s disease and 
severe ED or penile vascular impairment [35]. Incis- 
ing or excising the plaque or penile modeling may 
be performed to correct the deformity at the time 
of prosthesis. Patients undergoing surgical manage- 
ment of Peyronie’s disease should be counseled on 
common side effects including penile shortening, 
ED, glans anesthesia, pain, urethral injury, and fur- 
ther deformity. 


WHAT TO AVOID 


e Do not administer PDES inhibitors to men taking ni- 
trates for chest pain. 

e Do not remove a single component of a penile prosthe- 
sis in the setting of infection. 

e Do not offer surgical management to patients with 
Peyronie’s disease in the active stage. 

e Do not offer prosthesis surgeries to all patients with 
Peyronie’s disease. 


KEY WEB LINKS 
http://www.smsna.org/default.aspx 
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Multiple choice questions 


1 The neurotransmitter most responsible for mediat- 
ing physiologic erections is: 
a Acetylcholine 
b VIP 
c NO 
d Norepinephrine 
2 What structure should be spared during radical 
prostatectomy in order to preserve erectile function? 
Cavernous nerves 
Accessory pudendal arteries 
Endopelvic fascia 
Superficial dorsal vein 
A and b 
All of the above 


3 Cross reactivity with what structure or enzyme is 
responsible for back pain in patients taking tadalafil? 
a PDE11 
b PDE6 
c Myosin light chain 
d Matrix metalloproteinases 


mo aaoo 


4 The component of tri-mix intracavernous injection 
therapy for ED most associated with penile pain is: 

a Papaverine 

b Phentolamine 

c Alprostadil 

d Sildenafil 


5 All of the following are therapeutic options in men 
with Peyronie’s disease in the active phase except: 
Intralesional collagenase 

Intralesional verapamil 

Oral vitamin E 

Tamoxifen 

Nesbit plication 
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KEY POINTS 


e Traumatic injury is a leading cause of morbidity and 
mortality among young persons. 

e Genitourinary evaluation should not delay initial trauma 
survey or hemodynamic stabilization. 

e Acute onset hematuria following trauma is suspicious for 
genitourinary injury. 

e Most renal injuries may be managed conservatively. 


e The most important principle of the surgical repair of 
ureteral injury is formation of a tension-free anastomosis. 

e Extraperitoneal bladder rupture is generally managed 
with prolonged bladder drainage. 

e Intraperitoneal bladder rupture is generally managed 
operatively. 


Traumatic injury is a leading cause of death among 
young persons in the United States. Rapid assessment 
and treatment of the trauma patient can significantly 
decrease morbidity and mortality. While major renal 
trauma tends to cause morbidity in the acute phase, 
lower urinary tract trauma also causes long-term 
morbidity that may severely impact a patient’s life. 

The initial management of trauma always first involves 
stabilization of the patient with the Acute Trauma Life 
Support resuscitation. Next, any available history should 
be gathered. Examples of useful historical information 
would be what type of instrument caused a penetrating 
injury, or the degree of deceleration or impact in a blunt 
trauma. Any possibility of retained foreign bodies such 
as bullets should be thoroughly addressed. 


Hematuria 


Hematuria may be caused by a wide range of genitou- 
rinary injuries and is suggestive of occult GU trauma. 
Microscopic hematuria of >5 RBC/high powered field 


(hpf) following a trauma is suggestive of GU tract 
injury. However, the degree of hematuria does not 
absolutely correlate with the severity of injury, and 
some major injuries may not cause immediate hema- 
turia. Shock accompanying microscopic hematuria 
increases the likelihood of concomitant renal or vas- 
cular injury [1]. Voided or catheterized urine should 
be collected at the time of presentation to avoid dilu- 
tion of red blood cells by resuscitation fluid. 


Renal trauma 


The kidney is the most common genitourinary organ 
injured by trauma. Injuries may be caused by either 
blunt trauma or penetrating mechanisms, and may be 
predisposed toward exacerbated bleeding by preexist- 
ing renal lesions. After initial stabilization, imaging 
to characterize renal trauma should be undertaken 
in any patient with penetrating injury to the flank 
or abdomen, significant blunt injury involving decel- 
eration, blunt trauma accompanied by hematuria 
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or shock, or any pediatric patient with microscopic 
hematuria. Imaging should only be performed on 
hemodynamically stable patients. Hemodynamically 
unstable patients in whom there exists a high likeli- 
hood of renal injury based on mechanism should be 
managed operatively without delay. 

CT with IV contrast is the gold standard for the 
evaluation of renal injury. Hematomas and paren- 
chymal lacerations can be visualized and collecting 
system or vascular injuries are identified on delayed 
series. An immediate nephrogenic delayed phase 
may be followed by a 10 minute delayed phase in 
order to identify extravasation from the collecting 
system. The cortical rim sign is a radiographic fea- 
ture sometimes seen on CT after high-grade renal 
injury that is suggestive of parenchymal ischemia 
with continued perfusion of only the superficial cor- 
tex from peripheral collateral circulation. Benign 
forniceal rupture may also be present, especially 
after blunt trauma, and may be distinguished from 
renal vascular injury by the lack of perinephric 
hematoma, parenchymal laceration, and adequate 
visualization of the ureter. Hemodynamically unsta- 
ble patients in whom obtaining a CT is not possible 
may also be assessed with an on-table intravenous 
pyelogram (IVP) 10 minutes following an IV push of 
2 mL/kg of contrast [2]. 

Renal trauma is graded according to the American 
Association for the Surgery of Trauma (AAST) Renal 
Injury Scaling System. The odds of renal surgery 
increase by 15-fold for every increase in AAST grade. 
Grade I injuries are nonexpanding contusions or 
subcapsular hematomas without parenchymal lac- 
eration. Grade II injuries are nonexpanding perire- 
nal hematomas or lacerations into the cortex with a 
depth of <1 cm, without urine extravasation. Grade III 
injuries are cortical lacerations >1 cm in depth with- 
out urine extravasation. Grade IV injuries are either 
nonvascular lacerations >1 cm in depth penetrating 
the collecting system, or vascular injuries involving 
the hilar or segmental vessels with contained throm- 
bus. Grade V injuries involve complete shattering of 
the parenchyma or vascular injuries causing complete 
avulsion of the pedicle. If urine extravasation is seen, 
the presence of a parenchymal laceration must be 
determined. Urine extravasation without laceration is 
consistent with benign forniceal rupture, while urine 
extravasation with concomitant laceration is a mini- 
mum grade IV injury. 
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Management of most renal trauma is conservative. 
The only absolute indication for surgical exploration 
is hemodynamic instability with associated expand- 
ing retroperitoneal hematoma, usually in the setting 
of grade IV or grade V injury. Grade III and nonvas- 
cular grade IV injuries may be followed closely in the 
inpatient setting, while grade I and II injuries can usu- 
ally be observed. Typical management of low-grade 
renal trauma consists of bed rest and Foley catheter 
drainage until gross hematuria resolves, if present. 
Serial hemoglobin values are also initially monitored 
for many grade II-IV injuries, and repeat imaging 
is undertaken selectively. Options for conservative 
intervention include selective arterioembolization and 
placement of percutaneous drains in urine and hema- 
toma collections. Predictive features of failed nonop- 
erative management include increasing AAST organ 
injury scale grade, penetrating or gunshot mechanism 
of injury, transfusion requirement, shock, and the 
entrance of a penetrating wound anterior to the ante- 
rior axillary line. 

Initial operative management of renal trauma is 
indicated in grade V and vascular grade IV injuries 
and/or in the hemodynamically unstable patient. A 
significant number of these cases involve penetrat- 
ing trauma. If a CT cannot be performed preopera- 
tively, an intraoperative IVP at the time of repair of 
other non-urologic injuries may be used to determine 
whether renal exploration is necessary. The major 
goal of renal trauma exploration is control of bleed- 
ing. A midline transabdominal incision is used to 
expose both kidneys and to allow access to the renal 
hilum. Early vascular control proximal to the injury 
is associated with lower rates of total nephrectomy, 
especially when vascular control is obtained prior to 
opening Gerota’s fascia [3]. Access to the renal vas- 
cular pedicle is achieved by incising the posterior 
parietal peritoneum, just over the aorta. The left 
renal vein is then identified and elevated, exposing the 
renal arteries. The renal blood supply may then be 
controlled, if necessary. Warm ischemia time should 
be minimized when possible. At this point the renal 
cortex may be inspected and defects repaired with 
suture. After hemostasis is achieved, methylene blue 
may be injected into the renal pelvis while occluding 
the ureter in order to identify extravasation of urine. 
After these defects are repaired, a drain or drains are 
placed. Suction drains may promote continued urine 
leakage—a Penrose drain placed in the dependent 


portion of the hematoma bed may alternatively be 
used. If these approaches fail, nephrectomy may be 
performed as a life-saving maneuver. 

The most common complications of renal trauma 
are urinary extravasation, delayed retroperitoneal 
bleeding, and hypertension. Persistent urine extravasa- 
tion lasting >3 days after initial repair may be managed 
by the placement of a ureteral stent and Foley cath- 
eter, and can be followed by serial ultrasound imaging. 
Delayed retroperitoneal bleeding is a life-threatening 
complication and is usually associated with penetrating 
trauma, which may lead to arteriovenous fistula forma- 
tion. Selective arterioembolization is usually effective 
at repairing delayed bleeding after the source is radio- 
graphically identified. Hypertension is a rare and usu- 
ally late complication of renal trauma, and may occur 
either as a result of persistent external compression of 
the cortex or may be a renin-mediated effect second- 
ary to a persistently ischemic segment of parenchyma. 
Medical management is the first-line treatment of 
renal-trauma-associated hypertension, although partial 
nephrectomy may be required in refractory cases. 


Ureteral trauma 


The most common cause of ureteral injury in adults 
is iatrogenic, followed by penetrating injury to the 
abdomen or flank. Diagnosis may be difficult because 
hematuria and retroperitoneal hematomas are present 
in only two-thirds of the cases, and also because uri- 
nary extravasation from isolated ureteral injury is 
usually only seen on delayed series 10 minutes post- 
contrast or greater. Gunshot wounds are significantly 
more likely to cause ureteral injuries than are stab 
wounds. Since gunshot wounds are also commonly 
associated with other injuries, concomitant multiple 
organ injury should raise the index of suspicion for 
occult ureteral injury. Children are particularly sus- 
ceptible to ureteral injuries at the ureteropelvic junc- 
tion (UPJ) following deceleration injuries owing to 
spinal hyperextensibility. 

While isolated ureteral injuries may cause hema- 
turia, the absence of hematuria does not exclude a 
ureteral injury. Ureteral injuries may also present 
with flank pain or masses, ileus, or elevated serum 
creatinine. These injuries are classified based on both 
the location of injury (UPJ vs. abdominal ureter vs. 
distal pelvic ureter) and when the diagnosis is made. 
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Delayed diagnoses are associated with greater rates 
of urinoma, renal loss, and mortality. While a single- 
shot IVP may be used in a trauma setting to diagnose 
ureteral injury, its reliability is poor and CT remains 
the gold standard. A periureteral pattern of contrast 
extravasation on CT with poor visualization of con- 
trast within the ipsilateral distal ureter is suggestive of 
a ureteral injury. The diagnosis can also be made at 
the time of surgical exploration, either by inspecting 
the ureter along its length or by administering colored 
dye by IV, renal pelvic injection or retrograde ureteral 
injection, or an intraoperative fluoroscopic retrograde 
pyelogram with contrast may be performed. 
Management of ureteral injuries depends on both 
the timing and location of injury. Immediate repair 
of recognized injuries is best. If temporization of an 
unstable patient is required, a percutaneous nephros- 
tomy tube may be placed, allowing subsequent 
surgical repair while preventing urinoma formation. 
Examples of scenarios involving immediate recogni- 
tion of injury and repair are ureteral perforation dur- 
ing endourologic procedures, intraoperative ureteral 
crush injuries, trauma patients where injuries are 
immediately recognized, or children who have large 
UPJ disruptions following deceleration injuries. Minor 
ureteral perforations and crush injuries can usually be 
managed with indwelling stents that remain in place 
4-6 weeks after the injury. Healing is then reevaluated 
using retrograde pyelography. Larger ureteral injuries 
that are recognized at the time of presentation may 
be managed either by percutaneous nephrostomy 
tube placement or through ureteric exteriorization, 
where a ureteral catheter is placed and the distal end 
is brought to the skin. Either approach temporizes 
the injury and allows for subsequent definitive repair. 
UPJ distractions are treated simply with ureteral stent 
placement, ureteropyelostomy over a stent, or for- 
mal ureterocalycostomy, depending on the degree of 
injury. As in the other scenarios, percutaneous drain- 
age proximal to the UPJ injury may also be helpful. 
Delayed recognition of ureteral injury is associated 
with ureteral stricture formation and is best managed 
initially by percutaneous drainage of any urinoma 
that is present, and percutaneous nephrostomy and/or 
ureteral stent placement, followed by elective repair. 
The sine qua non of surgical ureteral repair is the 
tension-free anastomosis. This requires adequate 
debridement of devitalized tissue and sufficient mobi- 
lization of the ureteral segments to allow the creation 
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of a watertight closure. Typically, the ureteral ends 
are spatulated to allow mucosal-to-mucosal contact 
and the defect is closed over a stent. The location 
and length of injury dictates the surgical approach 
required to allow adequate mobilization of the 
remaining ureteral segments. 

Distal ureteral injuries are repaired with ureteroneo- 
cystostomy. Short defects may be directly reimplanted 
into the bladder with either refluxing or nonrefluxing 
anastomoses. Longer distal defects may also be cor- 
rected with ureteroneocystostomy, although mobili- 
zation of the bladder may be required to compensate 
for the lack of ureteral length. A psoas hitch can be 
performed if the bladder capacity and elasticity are 
normal: the contralateral superior vascular pedicle of 
the bladder is ligated and the bladder is then fixed 
to the ipsilateral psoas tendon. This usually mobilizes 
the bladder at least to the level of LS. This maneuver 
can also be combined with a downward nephropexy 
to gain additional mobilization. More extensive distal 
injuries can also be corrected with ureteroneocystos- 
tomy if a Boari flap is performed. Here the bladder is 
rotated cranially and a tubularized flap is formed. The 
ureteral stump is then reimplanted into the tubular- 
ized bladder segment. However, the Boari flap is con- 
traindicated when the bladder capacity or elasticity is 
already compromised. 

Mid-ureteral defects above the pelvic brim are best 
managed either by end-to-end anastomosis (uretero- 
ureterostomy) or, in the case of large defects, tran- 
sureteroureterostomy (TUU). End-to-end repair is also 
aided by combination with a downward nephropexy. 
Omental flaps may be used for additional coverage, 
particularly when other injuries to abdominal organs 
are present. If adequate ureteral length cannot be 
mobilized for end-to-end repair, then the ligated ure- 
ter is anastomosed to the contralateral ureter by TUU. 
The injured ureter is brought through the colonic 
mesentery cranial to the inferior mesenteric artery. It 
is then ligated end-to-side with the contralateral ure- 
ter using a spatulated repair. 

Upper ureteral or UPJ injuries of short length 
can be managed by primary reanastomosis with the 
kidney (ureteropyelostomy) and ureteral stenting and/ 
or percutaneous nephrostomy tube drainage. More 
extensive upper ureteral injuries are corrected by 
ureterocalycostomy, where the lower pole of the kid- 
ney is removed and the ureter anastomosed directly to 
the infundibulum. 
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In cases of extreme ureteral injury involving the 
entire length of the ureter or multiple segments, or 
when proximal and distal mobilization cannot be 
performed, ileal ureteral interposition or kidney 
autotransplantation may be performed. Ileal ureter 
interposition involves placement of an isoperistaltic 
segment of ileum across the ureteral defect. However, 
the morbidity of the necessary bowel segment exci- 
sion and reanastomosis is justified only when other 
ureteral repair techniques will fail. 


Bladder injury 


Bladder injury is often associated with blunt trauma 
and particularly with pelvic fracture. Some series 
report up to 90% of bladder ruptures occurring with 
associated pelvic fracture. Conversely, the incidence 
of bladder rupture after pelvic fracture is between 
6% and 10% [4] and more likely with fracture of 
the pubic arch or pubic symphyseal diastasis. Severe 
associated injuries are often seen when both pelvic 
fracture and bladder rupture are present, and mor- 
tality may occur in 12-22% of cases [5]. Broadly 
speaking, bladder injuries may be classified as result- 
ing from blunt or penetrating trauma, and the nature 
of injury may be a simple contusion, or either extra- 
peritoneal or intraperitoneal rupture. The symptoms 
of bladder injury are often nonspecific, although 
complete ruptures are accompanied by microscopic 
or gross hematuria 95% of the time [6]. The AAST 
five-point injury scale for bladder trauma classifies 
grade I lesions as either contusions or partial thick- 
ness lacerations. Grade II injuries involve extraperi- 
toneal bladder wall lacerations <2 cm. Grade II] 
injuries involve extraperitoneal lacerations >2 cm or 
intraperitoneal lacerations <2 cm. Grade IV injuries 
involve intraperitoneal lacerations >2 cm. Grade V 
injuries involve any laceration extending into the 
bladder neck or ureteral orifice. 

Diagnosis of bladder rupture hinges on the obser- 
vation of extravasation of urine. Early signs are 
nonspecific and can be heralded by fever, anuria, and 
peritonitis. A definitive diagnosis is made by cystogra- 
phy, either plain cystogram or CT cystogram. Complete 
filling of the bladder is mandatory to avoid making a 
false-negative diagnosis. Alternatively, bladder injury 
may be diagnosed intraoperatively by administration 
or instillation of colored dyes or visual cystoscopy. 


Management is dependent on whether the rupture 
is intraperitoneal or extraperitoneal. Extraperitoneal 
defects can be managed conservatively with Foley 
catheter drainage of the bladder. However, open sur- 
gical repair may still be indicated when a bone frag- 
ment is projecting into the bladder, when an open 
pelvic fracture is present, when there is rectal per- 
foration, or when there is suspicion of bladder neck 
injury. Classic dogma teaches that intraperitoneal 
ruptures must be repaired, especially considering that 
these defects may be larger than as suggested on cys- 
togram. Anecdotally, intraperitoneal ruptures may be 
managed conservatively with percutaneous peritoneal 
drainage in very select patients where the degree of 
injury is objectively known to be small and the urine 
is thought to be sterile. 

All open surgical repair techniques aim to achieve 
watertight closure of the bladder in several lay- 
ers. When open cystotomy is performed to repair 
an intraperitoneal rupture, the remaining mucosa 
should be carefully examined, as concomitant extra- 
peritoneal rupture may be present in up to 12% 
of patients [7]. After the bladder is inspected from 
the inside out, the detrusor is reapproximated and 
a large-bore Foley catheter is placed. A suprapubic 
drainage tube is utilized if Foley catheter placement 
is contraindicated by bladder neck or urethral injury. 
However, there is no inherent advantage to using a 
suprapubic tube over a Foley catheter unless a spe- 
cific contraindication to the use of the Foley exists 
[8]. In some instances a drain is left near the bladder 
closure in the extravesical space. Typically the Foley 
will be left in place for a minimum of 7-10 days, and 
preferentially for 2 weeks before reexamination with 
repeat cystography. 


Urethral injury 


Traumatic urethral injury is significantly more com- 
mon among men and, like bladder rupture, is more 
likely in the setting of pelvic fracture. Indeed, pelvic 
fractures are the most common cause of posterior 
urethral injuries, with posterior urethral injuries 
occurring in between 4% and 14% of pelvic fracture 
cases [9]. Injuries to the posterior urethra are also 
associated with bilateral pubic rami fractures and 
with diastasis of the sacroiliac joint. While the vast 
majority of these injuries occur in men, girls younger 
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than 17 years of age have a significantly increased risk 
compared to older women [10]. Conversely, anterior 
urethral injuries are less common, comprising only 
10% of all urethral injuries, [11] with the majority 
being associated with straddle injury. 

Initial observations suggestive of urethral injury 
are blood at the urethral meatus, inability to void, 
dysuria, high-riding prostate, difficulty with urethral 
catheterization, and a butterfly deformity of the peri- 
neum. While blood at the meatus is present in up to 
50% of urethral injuries, the degree of meatal bleed- 
ing does not correlate to the severity of the injury. 
The combination of meatal bleeding and urinary 
retention should be considered highly suspicious. 
If any of these signs are observed, Foley catheter 
placement without proper urologic evaluation is 
contraindicated. 

Urethral injuries are best diagnosed by perform- 
ing a retrograde urethrogram (RUG). A small 
Foley catheter or angiocath is introduced into the 
urethral meatus and a clamp or steady pressure is 
applied to occlude the urethra. Contrast is then 
instilled retrograde and the length of the urethra 
is visualized fluoroscopically. Injuries may be clas- 
sified either according to the Colapinto scheme or 
the more recent AAST urethra injury scale. Prag- 
matically, urethral injuries can be classified as com- 
plete versus partial rupture, given that the accurate 
assessment of the exact degree of urethral injury is 
often difficult. 

Immediate open surgical primary realignment of 
the posterior urethra is associated with increased 
incontinence and stricture formation, and is 
avoided unless the patient has a rectal or bladder 
neck injury [12]. Otherwise, the bladder is tempo- 
rarily drained either by urethral realignment over a 
catheter or placement of a suprapubic tube and a 
delayed repair is subsequently performed. Evidence 
shows that primary endoscopic realignment allows 
healing without stricture ~50-65% of the time, 
whereas patients who are not realigned and solely 
undergo initial suprapubic tube placement develop 
urethral strictures requiring posterior urethroplasty 
up to 96% of the time [13]. This suggests that ini- 
tial placement of a Foley catheter across the ure- 
thral defect portends a favorable ultimate outcome. 
In this setting, a catheter may be placed under con- 
trolled conditions by a urologist by gentle blind 
passage or with cystoscopy, or in extreme cases, 
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by anterograde cystoscopy in the operating room 
through an open cystostomy. After 6 weeks, a peri- 
catheter RUG is used to evaluate the defect prior to 
Foley removal. Unhealed injuries are treated first 
with delayed endoscopic techniques; however, the 
failure rate of delayed endoscopic repair is high. 
Longer strictures or unhealed defects refractory 
to endoscopic management require delayed open 
reconstruction. 

Anterior urethral injuries may be accompanied 
by hematoma contained under Buck’s fascia, caus- 
ing an “eggplant deformity” of the penile shaft. If 
the Buck’s fascia is ruptured, the hematoma extrava- 
sates outward until it is contained by Colles’ fascia, 
leading to swelling of the scrotum and perineum. 
As opposed to posterior urethral injuries, anterior 
injuries are best served by immediate primary open 
repair or suprapubic tube placement followed by 
open repair. Catheter realignment and delayed repair 
have less favorable outcomes in anterior injuries 
than in posterior injuries [14]. 


Penile injury 


Penile injuries are caused by a range of etiologies, 
including blunt and penetrating trauma, vigorous 
intercourse, and even self-mutilation. The flaccid 
penis is usually resistant to blunt trauma, while the 
erect penis is more liable to injury, and therefore 
penile fracture is usually associated with missed 
intromission during sexual intercourse. Penetrat- 
ing injuries of the penis and external genitalia often 
accompany other vascular injuries of the sper- 
matic cord, testis, bladder, and other genitourinary 
structures. 

Although most commonly caused by missed intro- 
mission during vigorous intercourse, penile frac- 
ture has been described after trauma to the erect 
penis, rough masturbation, and even rolling over 
in bed [15]. Patients often hear a snapping or pop- 
ping sound at the time of injury. Shortly thereafter 
a penile hematoma forms, causing the penile shaft 
to mimic an eggplant shape. Extreme fractures may 
also cause urethral tears or hematoma extravasation 
along the scrotum into the perineum. The diagno- 
sis of penile fracture is primarily clinical. Although 
cavernosography, ultrasonography, and ultrasound 
can be used as adjuncts, the clinical picture is usually 
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unambiguous. The only diagnostic study routinely 
suggested in addition to the clinical diagnosis is a 
RUG, which will rule out urethral injury. Penile frac- 
ture is an emergency and management is operative. 
A Foley catheter is placed to aid in avoiding iatro- 
genic urethral injury. Then a circumcising incision 
is used to deglove the affected area of the penis and 
allow repair of the underlying fascial layers. Care is 
taken not to inadvertently plicate the penile shaft 
and cause a chordee unless it is necessary to close a 
very large defect. Some surgeons have reported using 
graft materials to close large defects. The tunica 
albuginea is then closed with absorbable sutures. 
Finally, the repair may be tested intraoperatively by 
saline injection artificial erection. 

Penile amputation is usually the result of self- 
mutilation. Reimplantation is attempted if adequate 
tissue is salvaged from the preserved penis. The sev- 
ered penis should be wrapped in wet gauze and placed 
on ice until reimplantation. Up to 24 hours of cold 
ischemia time may pass before reimplantation. If 
reimplantation is not possible, it is usually then neces- 
sary to formalize the amputation and create a perineal 
urethrostomy. 


Genital bites, burns, and skin loss 


Genital bite injuries, like other cutaneous wounds, 
can be irrigated and debrided to remove foreign mate- 
rial and then closed primarily if the risk of contami- 
nation is low, antibiotics are given, and the injury is 
only a few hours old. Otherwise, the wound should 
be left open and allowed to granulate. Inspection of 
the underlying tissue should be performed prior to 
primary closure rule out violation of Buck’s fascia or 
hematoma. 

Burns to the external genitalia are often full thick- 
ness owing to the thin penile skin. Like other burns, 
burn eschar is resected and coverage with skin grafts 
is used where necessary. Attention to formation of cir- 
cumferential bands of scar is particularly necessary in 
the setting of penile burns, but also has been reported 
following use of vacuum-assist constriction devices or 
during sadomasochistic sex play. Skin avulsion inju- 
ries caused by machinery may also mimic the genital 
skin loss caused by burns. In both instances, initial 
management is coverage of the area with wet gauze 
and/or silvadene, with surgical management of large 


areas of full-thickness skin loss. Foreskin or scro- 
tal flaps may be used in distal or proximal injuries, 
respectively. Potent men should only have nonmeshed 
split-thickness skin grafts placed so as to avoid avul- 
sion of the graft and subsequent graft contracture. 

Scrotal skin loss is encountered either following 
injury or after intentional debridement, such as in treat- 
ing Fournier’s gangrene. When large amounts of scro- 
tal skin are missing, the testicles may either be placed 
in surgically tunneled thigh pouches or may simply be 
wrapped in moist gauze dressings. Frequent dressing 
changes 2-3 times per day may be performed for sev- 
eral weeks until formal reconstruction is performed. 
Delayed primary closure is sometimes possible. Other- 
wise, meshed split-thickness skin grafts or plastic surgi- 
cal consultation and the transposition of pedicled thigh 
flaps or free flaps are used to close the defect. 


WHAT TO AVOID/PITFALLS 


e Blind Foley catheter insertion should not be performed 
when a urethral injury is suspected until adequate di- 
agnostic workup has been performed and an experi- 
enced professional is available to insert the catheter. 
Immediate primary open repair of posterior urethral 
injuries is not recommended because it usually leads to 
poorer outcomes than suprapubic tube drainage with 
delayed repair. 

Gerota’s fascia should not be opened while repairing 
traumatic renal injury until proximal control of the 
vascular supply is achieved. 

Diagnostic CT and delay of operative management of 
suspected renal trauma is contraindicated in the set- 
ting of acute hemodynamic instability. 


KEY WEB LINKS 


http://www.aast.org/Default.aspx — AAST trauma 
guidelines 


CASE STUDY 


A 17-year-old male presents to the emergency room 3 hours 
following a rugby match. He reports sustaining a large col- 
lision with another player and the onset of right-sided flank 
pain and one episode of “pink urine”. He is afebrile and 
hemodynamically stable. CT scan with IV contrast in the 
emergency room reveals a large right-sided perinephric flu- 
id collection that does not enhance on delayed imaging and 
a 2.5 cm laceration of the right renal parenchyma. 
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Multiple choice questions 


1 The first step in management of the patient should be: 
a Repeat CT scan in 1 hour 
b Placement of percutaneous drainage tube 
c Open surgical repair of parenchymal laceration 
d Advanced trauma life support (ATLS) trauma 
survey 
e Right total nephrectomy 


2 According to the AAST renal trauma guidelines, 
this patient has what grade of renal injury? 

Grade I 

Grade II 

Grade III 

Grade IV 

Grade V 


oaa oroa 


3 Ultimate repair and salvage of the injured kidney is 
best achieved by: 
a Percutaneous drainage of perinephric fluid 
b Initial bed rest followed by expectant 
management 
c Placement of ipsilateral percutaneous 
nephrostomy tube 
d Placement of ipsilateral ureteral stent 
e Partial nephrectomy of injured renal 
segment 
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Answers to multiple choice questions 


1 d The first step in the management of all trauma 
patients is ATLS trauma survey to identify any acute 
or occult life-threatening injury and to achieve hemo- 
dynamic stabilization. Diagnostic genitourinary 
survey should not be performed at the expense of ini- 
tial stabilization of the patient. If major renal trauma 
leading to hemodynamic instability is suspected, diag- 
nostic workup is bypassed and operative management 
is indicated. 

2 c The patient has a grade III renal injury: a cortical 
laceration >1 cm in depth without urine extravasation. 
3 b Most grade III injuries may be managed con- 
servatively with bed rest. Once hematuria resolves 
and hemoglobin is stable, the patient may be ob- 
served as an outpatient. Care should be taken to 
avoid further trauma for at least 4-6 weeks while 
the renal parenchyma heals. Retroperitoneal hema- 
toma and renin-induced hypertension are rare late 
complications. 


Testicular torsion and trauma 
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KEY POINTS 


e The acute scrotum is a constellation of symptoms 
consisting of the acute onset of tenderness and/or 
swelling of the scrotum and its contents. The acute 
scrotum is a urological emergency. 

Testicular torsion, testicular trauma, torsion of the 
testicular appendages, epididymitis, orchitis, and 
incarcerated hernia may all cause acute scrotum. 
Testicular torsion must be recognized promptly as 
outcome is associated with time to intervention. 


e Although color Doppler ultrasound is extremely useful 
in identifying testicular ischemia, surgical intervention 
should never be delayed when testicular ischemia is 
highly suspected. 

e A portion of testicular injury patients may be managed 
nonoperatively if adequate testicular blood supply can be 
documented. 


Testicular torsion is a common entity that all uro- 
logic practitioners will encounter, and is one of the 
classic urologic emergencies that must be promptly 
recognized. It is also one of the most common 
and serious urologic emergencies of children and 
adolescents. The constellation of symptoms of new 
onset of tenderness and swelling of the scrotum 
and associated structures is termed acute scrotum. 
Acute scrotum may be caused by several processes, 
of which testicular torsion is one. While other diag- 
noses may mimic the symptoms of acute testicular 
torsion, a high index of suspicion for torsion should 
always be held. Surgical management of testicu- 
lar torsion generally yields satisfactory outcomes 
and may preserve testicular viability, although 
any significant delay in treatment will reduce the 
efficacy of intervention considerably. The use of 
high-definition color Doppler scrotal ultrasound 
has become commonplace in contemporary prac- 
tice. However, in indeterminate cases, when the 


suspicion for acute testicular torsion is high, scrotal 
exploration is indicated. 


General evaluation 


A focused urological examination is the starting point 
for the workup of the acute scrotum, including a his- 
tory of the nature and duration of the pain and any 
associated symptoms. Generally, the causes of acute 
scrotal pain may be delineated into several broad cat- 
egories, including testicular torsion, testicular trauma, 
torsion of the appendices, epididymitis, malignancy, 
and other miscellaneous conditions including scrotal 
erythema, infectious orchitis, and discomfort due to 
hernia, hydrocele, and varicocele. Rarely Henoch- 
Schénlein purpura, an acute vasculitis, may also man- 
ifest in the pediatric patient as acute scrotal pain. A 
history of recent trauma and acute pain of <6 hours 
duration should be especially noted. Although severe 
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pain, nausea, and vomiting are often encountered in 
testicular torsion and may be useful in making a diag- 
nosis, they are not a prerequisite. 


Epididymitis 


Among adults, epididymitis is the most common 
cause of acute scrotal pain in the absence of obvious 
trauma. In pediatric populations, review of patients 
undergoing surgical exploration demonstrates that 
torsion of the testicular appendices is the most com- 
mon finding upon exploration. One large retrospec- 
tive trial of boys younger than 17 years who presented 
with signs of acute scrotum and underwent surgical 
exploration demonstrated that 45% had an appen- 
dix testis torsion, followed by spermatic cord torsion 
(26%), epididymitis (10%), incarcerated hernias 
(8%), and other conditions (11%) [1]. Epididymitis 
is most prevalent in infancy and around puberty [2], 
while appendix testis torsion is more common after 
infancy. Epididymitis may be either inflammatory or 
infectious. Epididymitis may be differentiated from 
torsion on examination, as the former will sometimes 
provoke extratesticular tenderness by careful palpa- 
tion. Urinalysis and urine culture may reveal infec- 
tious epididymitis and should be part of the general 
workup. Fever and leukocytosis are also consistent 
with acute epididymitis. A color Doppler ultrasound 
will usually reveal a hyperemic epididymis and 
assist in making the diagnosis. Importantly, ultra- 
sound will normally rule out acute testicular torsion 
by demonstrating testicular blood flow. Treatment 
with NSAID and rest will often resolve noninfec- 
tious pediatric epididymitis, although careful fol- 
low-up is necessary to ensure resolution. Infectious 
epididymitis should be treated with appropriate 
antibiotics. 


Malignancy, erythema, and infectious 
orchitis 


Germ cell and other testicular tumors may cause testis 
pain. However, solid or cystic intratesticular masses 
should be readily identified on ultrasound. Blood 
flow to the ipsilateral testis should be confirmed 
using Doppler techniques. If a suspicious intrates- 
ticular mass is identified, tumor markers including 
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alpha-fetoprotein, beta-human chorionic gonadotro- 
pin (hCG), and serum lactate dehydrogenase (LDH) 
should be sent. (The workup of testicular masses is 
reviewed elsewhere in this text.) Scrotal erythema 
may also be associated with acute scrotal tenderness. 
New onset scrotal erythema can be associated with 
cellulitis, and rarely Fournier’s gangrene. Once testic- 
ular involvement is excluded, appropriate treatment 
of any infection is initiated. In boys and adolescents 
who have not received immunizations or who are oth- 
erwise immunosuppressed, one should also consider 
infectious orchitis secondary to mumps virus infec- 
tion. The presence of parotitis and fever usually ac- 
company mumps virus infection. 


Testicular torsion: predisposing factors 


Testicular torsion is associated with several predis- 
posing factors. The bell-clapper deformity is the most 
commonly encountered anatomic variant that leads 
to torsion. Children with bell-clapper deformity have 
incomplete fusion of the tunica vaginalis along the 
epididymis. This causes incomplete anchoring of the 
testis to a fixed point within the scrotum and allows 
the testis and epididymis to be mobile. These children 
are thought to suffer from testicular torsion at higher 
rates after acute trauma than their age-matched peers, 
in addition to having elevated rates of spontaneous 
torsion. Cryptorchid or undescended testes are also 
at higher risk for torsion before orchiopexy is per- 
formed. It is for this reason that the testicle should 
be well anchored within the scrotum at the time of 
orchiopexy. 


Testicular torsion: types 


Testicular torsion may be broadly classified into three 
categories: (1) acute intravaginal spermatic cord tor- 
sion, (2) intermittent intravaginal spermatic cord 
torsion, and (3) extravaginal spermatic cord torsion. 
These three types differ in their chronicity and etiol- 
ogy and also in the typical age at presentation. 

Acute intravaginal spermatic cord torsion—which 
is associated with bell-clapper deformity—most com- 
monly occurs in pubertal boys with a mean age at 
presentation of 13 years [3], although it may present 
frequently in boys ranging in age from 12 to 16 years 


and in young adults. Notably, this age range overlaps 
with that of peak incidence for appendix testis torsion. 
Torsion of the appendices is most common between 
the ages 9 and 13 years. Acute intravaginal spermatic 
cord torsion most commonly involves a single testicle 
with acute onset of ipsilateral pain of <6 hours dura- 
tion with no prior known episodes. Athletic activity 
and/or trauma is thought to be associated with acute 
intravaginal torsion, although neither is a prerequi- 
site, and indeed children may present with no known 
inciting factor. 

Intermittent intravaginal spermatic cord torsion— 
or more colloquially known simply as “intermittent 
torsion”—also typically presents at ages similar 
to primary acute spermatic cord torsion. Howev- 
er, these boys will have spontaneous resolution of 
symptoms and very often will recall similar prior 
episodes. These patients may also carry diagnoses 
of epididymitis or orchitis from previous encoun- 
ters where pain spontaneously resolved. Evidence 
suggests that the frequency of intermittent torsion 
events correlates with the per-incident risk of per- 
sistent torsion [4]. Diagnosis of intermittent torsion 
may be obscured by spontaneous resolution of symp- 
toms by the time the urologist has had opportunity 
to evaluate the patient. Therefore, a careful history 
is integral to making the diagnosis. 

Extravaginal spermatic cord torsion is more 
commonly associated with presentation during the 
pre- or perinatal period. These children often do 
not have a bell-clapper deformity. Rather, they are 
so young that there has not yet been an opportu- 
nity for the tunica vaginalis to fuse with the dartos 
fascia and become fixed within the scrotum. This 
allows the testis, tunica vaginalis, and epididymis 
the freedom to rotate en bloc. These boys may also 
present with asynchronous bilateral torsion [5]. Of- 
ten the extravaginal torsion will occur before birth, 
resulting in a nonviable unilateral testis, although 
there are reports of asynchronous bilateral torsion 
taking place where the second testicle becomes af- 
fected after birth. There is still debate whether the 
added risk of contralateral extravaginal torsion 
following a prenatal unilateral torsion warrants 
preemptive surgical management in the neonatal 
period. As with adolescent intravaginal spermatic 
cord torsion, if an acute torsion is identified and 
testicular salvage is possible, urgent surgical explo- 
ration is indicated. 
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Testicular torsion: presentation 


The presentation of acute testicular torsion almost 
always involves the acute onset of scrotal pain of 
duration <6 hours. Scrotal edema and swelling may 
also be present. A significant proportion of boys will 
experience nausea and vomiting. Acute testicular 
pain in an adolescent in the presence of nausea and 
vomiting is very suggestive of testicular torsion and 
prompt workup should not be delayed. The ipsilateral 
cremasteric reflex may also be absent when complete 
persistent torsion of the spermatic cord has taken 
place. While the absence of the reflex is concerning, 
torsion may still occur along with an intact cremaster- 
ic reflex. Intermittent torsion may also spare the cre- 
masteric reflex. Many practitioners also use Prehn’s 
sign to diagnose acute torsion and to differentiate it 
from epididymitis. Prehn’s sign is the relief of testicu- 
lar pain upon elevation of the affected testicle within 
the scrotum. 

A positive Prehn’s sign elicits pain relief upon eleva- 
tion of the testicle and is suggestive of epididymitis. 
A negative Prehn’s sign is consistent with an ischemic 
testicle, which may actually become more pain- 
ful when manipulated. The observation of Prehn’s 
sign has been largely supplanted by color Doppler 
ultrasound. 

Ultrasound is the tool of choice for rapid diagnostic 
evaluation of acute testicular torsion. It is affordable, 
readily available, and has a low false-positive rate. 
Doppler ultrasound is used to visualize the blood flow 
to the testicle within the spermatic cord. The absence 
of flow on color Doppler is highly suggestive of acute 
torsion and necessitates appropriate surgical interven- 
tion. After the advent of color Doppler, this technique 
became widely used throughout pediatric urology. 
However, recently, some investigators have suggested 
that the sensitivity of color Doppler ultrasound may 
be lower than expected, approaching the order of 
60% in some hands [6]. In this case, persistent blood 
flow is seen to a testicle which may subsequently be 
intraoperatively identified as being ischemic. False 
negative by ultrasound may be caused by persistent 
collateral or arterial blood flow or by operator error. 
Some groups have theorized that a thick spermatic 
cord may allow for the persistence of blood flow as 
seen on ultrasound, while the testicle itself remains 
clinically ischemic. For these reasons, some investiga- 
tors have taken to direct ultrasound visualization of 
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the spermatic cord as part of the diagnostic workup. 
High-resolution ultrasonography of the cord itself is 
performed to determine morphology and directly vis- 
ualize torsion. Initial data suggest that this technique 
is highly sensitive to acute torsion, especially when 
taken in combination with traditional color Doppler 
ultrasonography of the vascular supply [7, 8]. How- 
ever, prospective correlation of this technique with 
the definitive finding of torsion at surgery is ongoing. 
Direct high-resolution imaging of the spermatic cord 
may also be pragmatically limited outside of large 
centers due to the availability of appropriate equip- 
ment and personnel. 

Urinalysis should always be performed as part of 
the workup for acute scrotum. The presence of pyu- 
ria more commonly indicates epididymitis, but it may 
be observed along with torsion as well. Radionuclide 
scanning has also been used to diagnose acute testicu- 
lar torsion, although this modality is largely of histor- 
ical interest since the advent of widely available color 
Doppler ultrasound. 

There is no role for nonsurgical management of acute 
testicular torsion. While manual detorsion may be at- 
tempted at the bedside, even if successful, this technique 
does not address any anatomic anomaly that may put 
the patient at risk for future torsion. Furthermore, its 
success is hindered by lack of a priori knowledge of 
the direction of torsion, making it difficult to know in 
which direction to rotate the affected testicle. Finally, 
this maneuver may subject the patient to undue addi- 
tional discomfort and anxiety. We recommend that a 
single attempt at manual detorsion be made in selected 
cases, but that this should not delay operative inter- 
vention in the patient with refractory symptoms. Even 
when manual detorsion is successful, the patient should 
still be counseled to undergo elective orchiopexy. 


Testicular torsion: surgical management 


The time to intervention after torsion has a direct 
impact on testicular salvage rates. The risk of orchi- 
ectomy after <6 hours since the onset of symptoms 
is on the order of 5% [9]. The risk of orchiectomy 
climbs to 20% after 6 hours and doubles to 40% after 
12 hours. At 24 hours, it is 80%. These data under- 
score the importance of prompt intervention. 
Surgical management of testicular torsion has 
four principal goals: (1) rapid identification and 
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confirmation of torsion, (2) reestablishment of testicu- 
lar perfusion, (3) assessment of testicular viability, and 
(4) prevention of future recurrence. A transverse hemi- 
scrotal or midline (median raphe) incision is made and 
the affected testicle is delivered first. It should be im- 
mediately inspected and decompressed (in a clockwise 
direction, similar to opening a book). Initial subjective 
assessment of its color and viability can then be made, 
as well as intraoperative ultrasound to establish rees- 
tablishment of flow. Once the affected testicle is de- 
compressed, it should be wrapped in sponges soaked 
in warm saline, and attention should be turned to the 
contralateral testicle. The contralateral testicle should 
be fixed in place to the scrotum with three-point orchi- 
dopexy using nonabsorbable, monofilament sutures 
placed through the tunica albuginea. After fixation of 
the contralateral testis, attention may be turned back 
to the symptomatic side. If the testicle appears viable, 
bilateral orchidopexy is completed. 


Torsion of the testicular appendices 


The testicular appendages are remnants of obliterat- 
ed Mullerian and Wolffian structures. The appendix 
testis derives from primordial female Mullerian tis- 
sues, whereas the appendix epididymis derives from 
male Wolffian precursors. Torsion of the appendages 
is the most common torsion in prepubertal boys. 
(Extravaginal testicular torsion predominates in the 
perinatal period, while intravaginal torsion is most 
common in the pubertal phase.) The classic finding 
of torsion of the appendages is the “blue dot sign,” 
seen at the superior pole of the testis where necrotic 
tissues may be seen through the thin transillumi- 
nated scrotal skin. The presenting signs of appendix 
torsion can be nonspecific and often mimic that of 
acute testicular torsion, but with a more protracted 
course. The epididymis may also appear hyperemic 
on examination or ultrasound. If testicular torsion 
may be absolutely ruled out on the basis of examina- 
tion and Doppler ultrasound, then management of 
the appendix torsion may be conservative; however, 
definitive exclusion of testicular torsion is difficult. 
Surgical exploration often is indicated to rule out tes- 
ticular torsion. A torsed appendix may be removed 
at the time of surgery, although a torsed appendix 
is not in and of itself an indication for preemptive 
orchidopexy. 


Testicular trauma 


Acute scrotum may also be due to trauma. Many 
traumas are secondary to athletic activity, although 
a significant proportion will also occur as a result of 
accident or assault. There are two broad categories: 
blunt and penetrating. Testicular trauma may have se- 
quelae not just on fertility but on endocrine function 
and self-image as well. 

Testicular injuries are graded according to the 
American Academy for the Surgery of Trauma 
(AAST) scale from I to V [10]. Grade I lesions are 
simple contusions; grade II involve laceration of the 
tunica albuginea; grade III involve <50% parenchy- 
mal loss; grade IV involve >50% parenchymal loss; 
and grade V lesions describe total testicular destruc- 
tion. There is some evidence that AAST injury scale 
assessment may be accurately used to determine 
the appropriateness of conservative versus surgi- 
cal management [11]. In all cases where conserva- 
tive management is considered, a scrotal ultrasound 
should demonstrate lack of testicular rupture and 
adequate testicular blood flow. 

Testicular trauma may be grouped into four broad 
categories: (1) intratesticular hematoma without 
rupture, (2) testicular fracture, (3) traumatic tes- 
ticular torsion, and (4) testicular dislocation. In- 
tratesticular hematoma appears as a heterogeneous 
lesion on ultrasound and is associated with acute 
onset of pain. On examination, a noncomplex tes- 
ticular hematoma or contusion may be difficult to 
distinguish from a more ominous rupture because 
both present with pain and subjective changes on 
ultrasound. In suspicious cases, unless the diag- 
nosis of contusion can be made unequivocally by 
ultrasound, diagnostic surgical exploration should 
be performed to rule out a rupture or fracture. Tes- 
ticular fracture, on the other hand, is more likely 
to cause a hematocele because of displacement of 
testicular contents outside of the tunica vaginalis. A 
hematocele visible on ultrasound should be viewed 
with suspicion. Fractured or ruptured testes require 
prompt surgical intervention in order to preserve 
viability. The testicular contents should be replaced 
and the tunica then closed. Traumatic testicular 
torsion should be managed similar to persistent in- 
travaginal spermatic cord torsion, as above. Finally, 
testicular dislocation may present with pain and an 
empty hemiscrotum on examination. Diagnostic 
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imaging may be required to ascertain the position 
of the testicle. The mechanism of these injuries is 
usually high-energy impacts. After the patient is 
stabilized, every attempt should be made to salvage 
the displaced testicle. This may require an ingui- 
nal surgical approach to allow for adequate mobi- 
lization of tissues. The affected gonads should be 
carefully inspected for evidence of fracture or devi- 
talization prior to orchidopexy. 

Nonoperative management of the testicular 
trauma patient may be considered when the pa- 
tient is hemodynamically stable with no evidence 
of expanding hematoma or hematocele. Pain con- 
trol should be adequate and both testicles should 
be visualized in orthotopic position with adequate 
blood flow. Neither testicle should have significant 
intraparenchymal heterogeneity on ultrasound. 
These patients will have injuries classified as AAST 
grade I-II. Serial monitoring of these patients is ad- 
visable to ensure that a hematoma does not form 
and compromise testicular vascularity or global 
hemodynamic stability. 


WHAT TO AVOID 


e Acute testicular torsion may present without all of the 
characteristic subjective findings. The clinician must 
have a low index of suspicion. 

e The false-negative rate on color Doppler ultrasound 
may approach 40% depending on conditions. Some is- 
chemic testicles may demonstrate flow on ultrasonog- 
raphy. 

e A case of recurrent presumptive epididymitis may ac- 

tually be intermittent testicular torsion. Examination 

should be performed when acute pain is present. 

Surgical exploration is diagnostic, whereas delay of 

surgical intervention on a torsioned testicle is known 

to correlate with poorer outcomes. If in doubt, go 
explore in the operating room (OR). 


KEY WEB LINKS 


AAST trauma guidelines 
http://www.trauma.org/index.php/main/articles/C16/ 


Radiological Society of North America review on 
scrotal ultrasound 
http://radiology.rsna.org/content/227/1/18.abstract 
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CASE STUDY 


A 13-year-old boy is admitted to the pediatric emergency 
room 4 hours after the acute onset of right-sided scrotal 
pain. The child was born at 36 weeks with normal prena- 
tal ultrasounds. He demonstrates age-appropriate second- 
ary sexual characteristics on examination. Earlier in the 
day, he was playing soccer at school when a ball impacted 
him in the groin. Several minutes later he developed sig- 
nificant scrotal pain radiating to his right inguinal canal. 
He was able to void urine spontaneously afterward and no 
hematuria was seen. 


On admission he is afebrile and hemodynamically 
stable, and he vomits twice while being examined. He 
is reluctant to allow his genitalia to be examined be- 
cause of pain. His mother states that he had similar 
sharp pain on several prior occasions, although he was 
never nauseous during prior episodes. At birth he was 
noted to have a contralateral left-sided “retractile” tes- 
tis which never necessitated orchidopexy, and the left 
testicle is now palpated in an orthotopic position in the 
scrotum. 


Multiple choice questions 


1 The first step in management of the patient should 
be: 

Manual detorsioning of the testicle 

IV pain medication 

Urinalysis 

Scrotal color Doppler ultrasound 
High-resolution ultrasound of the spermatic 
cord 


oad TD 


2 The optimal window of time to intervene after the 
onset of symptoms is: 
a <2 hours 
<4 hours 
<6 hours 
<12 hours 
<24 hours 


oana oco 


3 Which feature puts the patient most at risk for me- 
tachronous contralateral testicular torsion? 

a History of trauma 

b Preterm delivery 

c Retractile testis 

d Any incidence of unilateral testicular torsion, 

regardless of etiology 
e Prior episodes of scrotal pain 
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Answers to multiple choice questions 


1 The first step in management of the patient should 
be scrotal color Doppler ultrasound. The impera- 
tive in the management of testicular torsion is rapid 


confirmation of the diagnosis. Manual detorsioning 
of the testicle may then be attempted, if appropriate. 
Urinalysis should be performed in all patients present- 
ing with an acute scrotum, but this should not delay 
prompt evaluation of testicular vascularization. High- 
resolution ultrasound of the spermatic cord is a prom- 
ising technique but is not a substitute for visualization 
of testicular blood flow. 


CHAPTER 8 TESTICULAR TORSION AND TRAUMA 


2 The optimal time to correct a testicular torsion is 
within the first 6 hours. 

3 Any incidence of unilateral testicular torsion puts 
the patient at elevated risk for contralateral me- 
tachronous torsion, regardless of the etiology of the 
first event. This is thought to be due to the frequently 
bilateral presence of the bell-clapper deformity. Any 
retractile testis is itself at a higher risk for torsion. 


81 


i, Acute gross hematuria: 
> etiology and management 


Kenneth S. Tseng 


The James Buchanan Brady Urological Institute and Department of Urology, The Johns Hopkins School of 


Medicine, Baltimore, MD, USA 


KEY POINTS 


e A significant proportion of patients who develop gross 
hematuria while on anticoagulation or aspirin therapy will 
still have an underlying abnormality. 

e Most hematuria will resolve spontaneously. The 

objective of conservative management strategies 

should be to maintain hemodynamic stability and 
adequate drainage of the bladder until the bleeding 
resolves. 

Persistent, severe hemorrhagic cystitis requiring multiple 

transfusions may require intravesical instillation of silver 

nitrate, aluminum, or formalin. 


e Hyperbaric oxygen treatment can be used with 
success in refractory cases of hematuria, although 
resolution of symptoms may require up to 

60 treatments. 

Selective embolization of the internal iliac arteries may 
obviate the need for more invasive surgical intervention, 
although it comes at the risk of gluteal claudication or 
bladder necrosis. 


CASE STUDY 


An 80-year-old gentleman with a history of prostate can- 
cer s/p radiation therapy presented to the urology clinic 
for a single episode of gross hematuria. Upon endoscop- 
ic evaluation, he was found to have a urethral stricture 
which was dilated. After dilation of the stricture, the 
bladder had pale urothelium with diffuse telangiectasias 
and neovascularity. Two days later, the patient presented 
to the emergency department (ED) unable to pass urine. 
He reported dark merlot colored urine 12 hours earlier 
with quarter-sized clots passing per urethra. A 24F 3-way 
catheter was placed and manually irrigated until the clots 
were fully evacuated. A complete blood count (CBC) in 
the ED revealed a hemoglobin level of 6 g/dL. He was 
admitted, transfused with four units of packed red blood 
cells and placed on continuous bladder irrigation (CBI). 


Urine cytology showed no signs of atypia or malignancy. 
Over the subsequent 2 days, he required frequent man- 
ual irrigation due to clot obstruction, and required an- 
other four units of packed red blood cells. The patient 
was taken to the operating room, where clot was evacu- 
ated and intravesical silver nitrate was instilled after a 
cystogram showed no vesicoureteral reflux. After the 
procedure, the patient’s CBI was weaned to off and he 
was clear for 2 days. However, his urine became bloody 
again, and another dose of intravesical silver nitrate was 
instilled without success. He was taken back to the OR, 
and intravesical formalin was instilled in his bladder for 
30 minutes. Postoperatively, his hematuria resolved, the 
CBI was discontinued, and his urine was seen to remain 
clear. He was discharged to home. 
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CHAPTER 9 ACUTE GROSS HEMATURIA: ETIOLOGY AND MANAGEMENT 


Acute onset of gross hematuria accounts for many 
outpatient and inpatient urology consultations. The 
majority of cases are self-limited. However, the pos- 
sibility that this symptom is a harbinger of insidious 
disease mandates that work-up be performed in cer- 
tain populations. In cases where hematuria does not 
resolve on its own and is refractory to conservative 
treatment, urologists have several treatment options 
that vary in efficacy, safety, and morbidity. 

The most common causes of gross hematuria 
include neoplastic, infectious, traumatic, or iatro- 
genic processes. Neoplasms arising anywhere along 
the urinary tract can lead to bleeding; prostate can- 
cer, bladder cancer, upper urinary tract transitional 
cell carcinoma, and renal tumors are the most com- 
mon. Infectious processes include cystitis and pros- 
tatitis. Menses can sometimes be misinterpreted as 
hematuria. The initial presenting symptoms for a 
stone in the kidney, ureter, or bladder may be gross 
hematuria. Postradiation cystitis (Figure 9.1) and 
cyclophosphamide-induced hemorrhagic cystitis are 
often the most refractory of all the etiologies. Iatro- 
genic causes include traumatic urethral catheteriza- 
tion or removal of a Foley catheter without deflating 
the balloon. Urinary tract instrumentation may also 
cause clinically significant hematuria. 


Figure 9.1 CT of the pelvis shows bladder with radiation 
cystitis and blood clot surrounding Foley catheter balloon. 


The initial work-up of gross hematuria should 
include a thorough history and physical examination. 
The history should include the onset, timing, and 
duration of bleeding. Prior need for blood transfu- 
sions, episodes of clot retention, or hospitalizations 
for hematuria may inform the physician about the 
severity of hematuria. A past medical history that 
includes a personal history of malignancy in the 
urinary tract, other malignancies requiring chemo- 
therapy or pelvic radiation, a history of stones, or 
lower urinary tract symptoms may provide clues to 
the etiology of the current episode. Although a history 
of bleeding at other body sites can explain a predis- 
position for hematuria, up to 80% of patients who 
develop hematuria while on anticoagulation still have 
a significant urologic abnormality [1]. 

Physical examination should include examination 
of catheterized urine in patients with a catheter, and 
voided urine in those who do not. Examination of 
the genitalia should focus on anatomic abnormali- 
ties of the meatus that may have made catheterization 
difficult in men, or the presence of menstruation in 
women. An abdominal examination should be per- 
formed to evaluate for a palpable bladder indicating 
clot retention, or abdominal masses indicative of large 
renal tumors. Costovertebral angle tenderness may be 
a sign of pyelonephritis, or hydronephrosis from a 
ureteral stone. A digital rectal examination can iden- 
tify palpable prostate adenocarcinoma, a boggy pros- 
tate suggestive of prostatitis, or an enlarged gland. 

The goal of diagnostic studies is to evaluate for 
upper and lower tract abnormalities associated with 
hematuria. A urinalysis and urine culture should be 
sent whenever the cause of the hematuria is not imme- 
diately obvious from the history and physical exami- 
nation to evaluate for infection or signs of renal dis- 
ease. A CBC with differential, PT, and PTT should be 
considered in a patient whose hematuria is considered 
significant enough to cause hemodynamic instability, 
or in patients on anticoagulation or antiplatelet medi- 
cations. Urine cytology should be performed to evalu- 
ate for urothelial malignancy, especially in patients 
over 40 or those with a history of smoking [2]. Flex- 
ible cystoscopy can be performed in the outpatient 
setting to further evaluate for bladder tumor, mucosal 
abnormalities, or foreign bodies. CT urogram can 
also be performed electively, with a dry phase to eval- 
uate for stone disease, an arterial phase to evaluate 
for enhancing renal masses, and an excretory phase 
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to evaluate for upper tract filling defects that may be 
indicative of transitional cell carcinoma. If the initial 
work-up for gross hematuria is normal, repeat uri- 
nalysis, urine cytology, and blood pressure should be 
checked every 6 months until 3 years after the initial 
episode [3]. 

For patients who are acutely bleeding, the initial 
management strategy should aim to ensure adequate 
bladder drainage and hemodynamic stability. Patients 
who meet these criteria should be encouraged to 
maintain adequate oral hydration. Any coagulopa- 
thies should be reversed, and consideration should be 
given to stopping anticoagulants (NSAIDs, heparin, 
warfarin, or clopidogrel) when possible. Men who 
are passing large clots may be at risk for clot reten- 
tion, and manual irrigation of their bladder should be 
performed until there is no longer any residual clot. If 
the bleeding is thought to be from the bladder neck or 
from urethral injury, such as after traumatic urethral 
catheterization, a large-caliber (22/24F) urethral cath- 
eter can be left indwelling to tamponade the bleeding. 
Placing the catheter on light traction can further place 
pressure on the bladder neck and prostate, although 
extended periods of traction may theoretically cause 
ischemia. 

In all patients who present with clot retention and 
appear to be actively bleeding after manual irrigation 
and evacuation of all clot burdens, continuous blad- 
der irrigation (CBI) should be considered to maintain 
dilute concentrations of urine to prevent further clot 
retention. The CBI can be titrated to a light color of 
effluent while the bleeding has time to resolve on its 
own. 

A word of caution regarding CBI: for patients with 
organized bladder clots refractory to manual irriga- 
tion, CBI runs the risk of outflow obstruction and 
bladder perforation. Untrained nurses managing CBI 
should be instructed to clamp the inflow port for 
suprapubic pain or low urine output and to contact 
the urologist. 


Etiologies 


Hemorrhagic cystitis can be one of the most difficult 
urologic conditions to treat. It is caused by blad- 
der inflammation, often from prior pelvic radiation 
or chemotherapy (especially cyclophosphamide or 
ifosfamide). Infections (bacterial or viral) may also 
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be associated with hemorrhagic cystitis in immuno- 
compromised hosts. Approximately 23% of patients 
with gross hematuria are found to have evidence of 
urologic malignancy on initial evaluation. Further- 
more, out of the 8% of patients who do not have any 
discernible cause of hematuria after initial evaluation, 
18% are later found to have urologic malignancy [3]. 

Patients with hemorrhagic cystitis should undergo 
cystoscopy to evaluate the cause of the bleeding, evac- 
uate organized clot refractory to catheter irrigation, 
and if possible, to control bleeding with fulguration. 
Urine culture and cytology should be obtained. If 
hematuria from an upper tract etiology is suspected, 
a CT urogram would be indicated for patients with 
normal renal function. 


Treatment of refractory hematuria 


Refractory bleeding from a renal source, such as an 
angiomyolipoma, should be treated with emboliza- 
tion. If embolization is unsuccessful, partial or total 
nephrectomy should be considered. 

Bleeding from the prostate can be treated medically 
with aminocaproic acid (Amicar), androgen depriva- 
tion, or 5a-reductase inhibitors. Finasteride has been 
shown in noncontrolled case series to be effective 
in up to 77% of patients who receive treatment for 
refractory hematuria from benign prostatic hypertro- 
phy [4]. It is thought to work by decreasing expres- 
sion of vascular endothelial growth factor (VEGF) in 
the prostate and limiting angiogenesis [5]. A transure- 
thral procedure can be performed to cauterize bleed- 
ing venous sinuses, or to resect gland overgrowth. 
Palliative radiation therapy is also an option. 

Bladder bleeding occasionally responds to medical 
treatment with aminocaproic acid or, in cases where 
the bleeding is from distinct areas, transurethral cau- 
terization. More often, though, refractory hematuria 
from the bladder is due to a diffuse abnormality of the 
mucosa, as occurs in hemorrhagic or radiation cys- 
titis, and requires intravesical therapy or hyperbaric 
oxygen treatments. Nephrostomy tubes can be used 
to divert urine and urokinase away from the blad- 
der [6]. Selective embolization of internal iliac arteries 
can be attempted prior to more invasive surgical inter- 
ventions [7]. Lastly, cystectomy or urinary diversion is 
also an option in severe cases that do not respond to 
any of the above treatments. 
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Aminocaproic acid (Amicar) 


Mechanism of action: inhibits conversion of plasmi- 
nogen to plasmin, an enzyme that lyses fibrin clots; 
at higher doses, direct inhibition of plasmin activity 

Contraindications: disseminated intravascular coagu- 
lation (DIC); risk of thrombosis; hypersensitivity to 
aminocaproic acid 

Precautions: cardiac, hepatic, or renal insufficiency; 
renal or ureteral bleeding 

Dose: 5 g IV diluted in 250 mL of D5W or NS infused 
intravesically over 1 hour, followed by 1 g/hour 
(SO mL/hour) continuous infusion for 8 hours or 
until bleeding is controlled; 5 g PO once, followed 
by 1 g PO ghour for 8 hours or until bleeding is 
controlled; 0.1% intravesical instillation 

Adverse effects: rhabdomyolysis, hypotension [8-11] 


Sodium pentosan polysulfate (Elmiron) 


Mechanism of action: reinforce glycosaminoglycan 
layer of bladder 

Contraindications: allergy to pentosan polysulfate 

Precautions: risk of hemorrhage; hepatic insufficiency; 
splenic disorders 

Dose: 100 mg PO TID either 1 hour before or 2 hours 
after meals 

Adverse effects: alopecia, rectal hemorrhage 

Note: may require chronic treatment for several 
weeks before results are seen [12-15] 


Conjugated estrogens 


Mechanism of action: stabilization of vascular 
fragility 

Contraindications: arterial thromboembolic disease, 
breast cancer, DVT/PE, liver dysfunction, preg- 
nancy, thrombophilia 

Precautions: hypertension, hereditary angioedema, 
asthma, diabetes, epilepsy, lupus 

Dose: 5 mg PO daily (+ an initial dose of 1 mg/kg IV 
BID for 2 days) 


Adverse effects: hypercoagulability [16-19] 


Hyperbaric oxygen 


Mechanism of action: increased angiogenesis in 
bladders with endarteritis secondary to radiation- 
induced tissue hypoxia; vasoconstriction 


Contraindications: use of cisplatin or doxorubicin; 
severe pulmonary disease such as pneumothorax 
or oxygen-dependent COPD; active viral infections 

Dose: 14-60 daily sessions with 100% oxygen inhala- 
tion at 0.3 MPa, 90 minutes per session 

Adverse effects: sinus barotrauma, oxygen toxicity 

Note: successful in up to 70-90% of cases [20-24] 


Intravesical formalin 


Mechanism of action: precipitates proteins on mucosa 
surface; coagulation of telangiectasias and small 
capillaries 

Contraindications: small volume bladder 

Dose: instill 1% formalin (equivalent to 0.37% for- 
maldehyde) intravesically under gravity for 10 min- 
utes; the endoscopic placement of cotton pledgets 
soaked with higher concentrations of formalin has 
also been described 

Adverse effects: reflux leading to pyonephrosis and 
fatal sepsis; vesicovaginal fistula; contracted bladder 

Notes: all clots must be evacuated prior to instillation; 
must be performed under general or spinal anesthe- 
sia due to discomfort; a cystogram is required to rule 
out ureteral reflux; Fogarty catheters can be used to 
occlude the ureteral orifices if reflux is present; forma- 
lin can scar or fibrose the bladder, occasionally leaving 
the bladder completely defunctionalized, which can 
be troublesome in younger patients [25-32] 


Intravesical 1% alum 


Mechanism of action: precipitates proteins on cell 
surface and in interstitial spaces, leading to clotting 
of capillaries 

Dose: 50 g alum dissolved in 5 L sterile water; bladder 
irrigated at a rate of 200-300 mL/hour 

Precautions: renal insufficiency, children 

Adverse effects: suprapubic pain, low-grade fever, 
encephalopathy 

Notes: prothrombin time correlates with serum alu- 
minum levels and can be used as a surrogate meas- 
ure for aluminum toxicity; alum irrigation can pre- 
cipitate and block the catheter outflow [33-37] 


Intravesical silver nitrate 


Mechanism of action: precipitates protein, leading to 
clotting of surface capillaries 
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Contraindications: bladder perforation, vesicoureteral 
reflux 

Dose: instill 0.5-1% in sterile water intravesically for 
10-20 minutes, placing the catheter on light trac- 
tion to avoid silver nitrate contact with the urethra; 
after draining the catheter, irrigate the bladder 
copiously with normal saline 

Adverse effects: methemoglobinemia; sensation of 
burning of skin 

Notes: similar to formalin, all clots must be evacuated 
prior to instillation; at concentrations >0.5%, must 
be performed under general or spinal anesthesia 
due to discomfort; a cystogram is required to rule 
out ureteral reflux; Fogarty catheters can be used to 
occlude the ureteral orifices if reflux is present; silver 
nitrate can cause scarring of the bladder [35, 38-40] 


WHAT TO AVOID/KEY PITFALLS 


e Patients who develop gross hematuria while on anticoag- 
ulant therapy are still at risk for an underlying anatomic 
abnormality and should be evaluated endoscopically. 
Vesicoureteral reflux is a contraindication to intravesical 
instillation of formalin and silver nitrate, but not alum. 
e Aminocaproic acid can be used for treating prostatic or 
bladder bleeding, but should be avoided in hematuria 
from the upper urinary tract because of concern that 
clots in the upper tract can lead to ureteral obstruction. 
Intravesical alum treatments can be absorbed systemical- 
ly and may be toxic in patients with renal insufficiency. 
Because of scarring that can occur with intravesical 
instillations of formalin and silver nitrate, alternate 
therapies should be considered for younger patients. 


KEY WEB LINK 
http://kidney.niddk.nih.gov/kudiseases/pubs/hematuria/ 


Multiple choice questions 


1 A 60-year-old man develops severe hemorrhagic 
cystitis after receiving cyclophosphamide as part of 
his chemotherapy regimen for Hodgkin lymphoma. 
He is started on CBI and transfused with several units 
of blood for symptomatic anemia. His bleeding per- 
sists despite a single intravesical instillation of 2% 
formalin. The next step is 

a Intravesical instillation with 1% aluminum 

b Bilateral percutaneous nephrostomy tubes 
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c Administration of sodium 2-mercaptoethane 
sulfonate (Mesna) 

d Administration of sodium pentosan polysulfate 
(Elmiron) 

e Hyperbaric oxygen treatment 


2 The following should be done prior to instillation 
of intravesical formalin except 
a Cystogram to rule out vesicoureteral reflux 
b Renal ultrasound to rule out hydronephrosis 
c Positioning of patient in reverse Trendelenburg 
to minimize vesicoureteral reflux 
Administration of general anesthesia 
e Evacuation of all clots 
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Answers to multiple choice questions 


1 b In patients with severe hemorrhagic cystitis re- 
quiring repeated transfusions of packed red blood 
cells, bilateral nephrostomy tubes are used to divert 
urine (and urokinase) away from the bladder in order 
to increase the likelihood of tamponade and clotting. 
Having the urine diverted also allows more aggressive 
intravesical therapy [6]. 
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KEY POINTS 


e Ischemic priapism requires emergent diagnosis and 
treatment. 

e High-flow priapism may be treated electively. 

e Check prior to aspiration/injection: consent, antibiotics, 
telemetry monitor. 


e As an adjunct to surgical shunts, corporal tunneling 
maneuvers are highly effective in evacuating blood 
clots. 


Presentation and diagnosis 
General principles 


Obtain a complete blood count with differential, 
coagulation profile, sickle cell prep and hemoglobin 
electrophoresis. Toxicology screening should be per- 
formed when suspicion is triggered by the history. 


Ischemic priapism 


A man with ischemic priapism may describe a past 
medical history of sickle cell disease or other blood 
dyscrasia. The lifetime prevalence of priapism in sickle 
cell disease is 29-42%, and two-thirds of men with 
sickle-cell-disease-associated ischemic priapism will 
have experienced prior stuttering episodes [1]. For 
adult priapism overall, sickle cell disease is the under- 
lying etiology in 23% of cases. There may be a history 
of erectile dysfunction with recent intracavernosal 
injection with combinations of phentolamine, papa- 
verine, and alprostadil (referred to as “bimix” or “tri- 
mix” injections), recreational drugs, or centrally act- 
ing drugs for the treatment of depression or psychosis. 
Ischemic priapism is typically progressively painful 


with time, and the shaft is usually fully rigid and ten- 
der to palpation. The corporal blood will appear very 
dark, and the corporal blood gas will have, typically, 
pO, < 30 mm Hg, pCO, > 60 mm Hg, and pH < 
7.25 [2]. Color duplex ultrasound (CDU) may be used 
as an adjunct test, and it will show no flow in the 
cavernosal arteries [3]. CDU can be performed in a 
frog-legged or lithotomy position; the perineum and 
corpora should be scanned in their entirety. CDU is 
not essential to diagnose ischemic priapism and must 
not delay initiation of timely treatment. 


Stuttering priapism 


A man with stuttering priapism will most often have 
an associated history of sickle cell disease, with pain- 
ful priapism episodes that may have started as early 
as his childhood or teenage years [1, 2]. The pria- 
pism episodes may have been the sequelae of routine 
morning erections or specific stressors such as dehy- 
dration, fever, or cold ambient temperatures. A man 
with stuttering priapism who presents with ischemic 
priapism (>4 hours) is likely to have had an episode of 
ischemic priapism in the past as well (approximately 
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one-third). The symptoms, physical examination, 
corporal blood gas, and CDU in stuttering priapism 
that has lasted >4 hours and ischemic priapism are, 
by definition, identical. 


High-flow priapism 


The patient with high-flow priapism will most often 
have a history of penile or perineal trauma, such as 
during intercourse, saddle or sports injuries to the 
perineum, or pelvic fractures [1]. The trauma may 
be related to needle puncture such as with intracav- 
ernosal injection therapy for erectile dysfunction. 
Other causes of high-flow priapism that should be 
elucidated on history relate to malignant infiltra- 
tion of the corpora causing an arteriocorporal fistula 
(primaries may be locally infiltrative such as pros- 
tate or bladder or distant metastatic lesions such as 
lymphoma). An increasingly recognized category 
of high-flow priapism is the subset related to surgi- 
cal shunt procedures to treat ischemic priapism. A 
patient with symptomatic high-flow priapism may 
present in delayed fashion (such as the morning after 
or several days after) the traumatic event. The penis 
may only be partially erect, and is typically not pain- 
ful, nor tender to palpation. CDU is sufficient to 
confirm the diagnosis [3]. It will demonstrate normal 
to high flow in the cavernous arteries and may even 
show an arteriolar-sinusoidal fistula. The corporal 
blood gas will have, typically, a normal arterial pro- 
file with pO, > 90 mm Hg, pCO; < 40 mm HG, and 
pH near 7.40 [2]. Though arteriography can also 
confirm the diagnosis of high-flow priapism, this 
technique should only be used when performed in 
conjunction with arterial embolization as an elective 
treatment for this condition. 


Treatment 
Ischemic priapism (low flow) 


Ischemic priapism is a penile compartment syndrome 
with progressive time-dependent tissue hypoxia, aci- 
dosis, necrosis, and fibrosis of the corpora cavernosa. 
These irreversible cellular changes begin at the 4-hour 
time point [4]. It is the result of blood that, during 
erection, had engorged the corporal bodies, but which 
can no longer exit the sinusoidal spaces. As an ulti- 
mate result, arterial flow in the cavernous arteries 
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stops. In sickle cell disease, the pathophysiology of 
vascular occlusion may be brought on by low oxy- 
gen tension that causes HbS polymerization and RBC 
sickling/clumping and hemolysis. Release hemoglobin 
and free radicals also quench NO, thus impairing 
NO-mediated vasodilation. 

Treatment for ischemic priapism must be initi- 
ated in a timely manner. The chance of spontaneous 
erections (with or without phosphodiesterase-type 5 
(PDE-5) inhibitors) has been reported to be 100% in 
men with priapism reversed within 12 hours, 78% 
within 12-24 hours, 44% in 24-36 hours, and 0% 
after a priapism duration >36 hours [1]. 

The initial treatment of ischemic priapism should 
involve penile aspiration and injection. Steps: 

1 Consent—make the patient aware that erectile 
dysfunction is an additional consequence of penile 
aspiration and injection, along with pain, bleeding, 
infection, failure to detumesce, and the cardiogenic 
sequelae of systemic distribution of injected alpha- 
agonists (hypertension, reflex bradycardia, arrhyth- 
mias, myocardial infarction, stroke). 

2 All patients and particularly those with cardio- 
vascular risk factors should have continuous cardiac 
monitoring and frequent serial blood pressure meas- 
urements during injection therapy. 

3 Systemic pre-procedure antibiotics, such as with 
cefazolin 2 g or clindamycin 600 mg intravenous. 

4 Sterile prep and drape. 

5 Administer local anesthesia. A penile block with 
lidocaine or bupivacaine is sufficient, though an addi- 
tional subdermal wheal at the site of injection is also 
acceptable. 

6 Insert a 21- or 18-gauge butterfly (scalp—vein) 
needle connected to long tubing into the right or left 
corporal body near the base of the penis, but taking 
care to avoid the urethra. Lateral punctures at the 
9-10 o’clock and/or 2-3 o’clock positions are accept- 
able. Larger gauge needles may facilitate effective as- 
piration of static corporal blood. 

7 Aspirate the dark (old) blood until the returned 
blood is bright red (evidence of oxygenated blood). 
The first aspirate may be sent for a confirmatory cor- 
poral blood gas at this time if the history and physical 
examination +/— CDU were diagnostic for ischemic 
priapism already. 

8 Irrigation with normal saline has no demonstrat- 
ed benefit. We advise against this since saline injec- 
tion causes the corpora to regain rigidity and may 
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dilute the injected alpha-agonist, and is therefore 
counterproductive. 

9 If necessary, injection and aspiration may be done 
through an additional second puncture (keeping the 
first needle in place) in the contralateral corporal 
body. 

10 If detumescence is nil or unsatisfactory with aspi- 
ration alone, inject dilute phenylephrine into the cor- 
pora through the existing 21-gauge needle. Typically, 
phenylephrine should be diluted with normal saline 
into a 200 mcg/mL concentration, and be injected 
in 0.5 to 1 mL doses in 5-10 minute intervals for a 
maximum total dose of 1000 mcg. For children or 
patients who are elderly or with significant cardiovas- 
cular disease, use a 100 mcg/mL concentration. If at 
the maximal phenylephrine dose or after 1 hour, the 
penis does not detumesce, aspiration and injection 
should be deemed a failure and one should proceed to 
a surgical shunt procedure. 

Aspiration alone is sufficient to resolve the pria- 
pism up to 36% of the time. Aspiration with injec- 
tion of an alpha-agonist has a higher success rate, 
up to 81% [2]. In the setting of sickle cell disease, 
note that systemic strategies such as oxygenation, 
opioid analgesics, alkaline intravenous rehydration, 
and exchange transfusion are not primary treat- 
ments for priapism, but can be used as an adjunct 
to aspiration/injection and shunting—either during 
or after. 

When aspiration and injection fail to resolve the 
priapism, the next step is a shunt procedure per- 
formed in the operating room [4]. Distal shunts are 
attempted first, and if those fail, proximal shunts are 
performed. A Winter’s shunt involves using a biopsy 
needle (such as a “TruCut”) to remove cores of the 
distal corpora percutaneously through the glans [5]. 
Ebbehoj shunts involve using an 11- or 15-blade to 
make multiple stab incisions into the distal corpora 
through the glans, with or without a 90 degree out- 
ward turn of the blade to increase the size of the 
corporal puncture. A T-shunt (Lue shunt) involves 
a single vertical stab incision through the glans into 
the tip of each corporal body with a 10-blade, and 
with subsequent rotation of the blade of the knife 
outward 90 degrees to achieve a bigger corporal 
puncture. In one modification, the corpora are then 
tunneled proximally to the crura with 20F dilating 
sheaths or 20F bougies in order to evacuate the old 
ischemic blood [6]. The glans incisions are closed 
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with 4-0 chromic simple interrupted sutures. These 
aforementioned shunt procedures (Figure 10.1) are 
technically feasible at the bedside using local anes- 
thesia, though for comfort and convenience regional 
or general anesthesia in the operating room may 
facilitate the procedure. 

The Al-Ghorab shunt involves a single transverse 
or two vertical incisions in the dorsum of the glans to 
expose the tips of the corpora, which are then grasped 
with Kocher clamps and excised. The snake maneuver 
(Burnett shunt) involves dilation of the corporal bod- 
ies to the crura with 9 mm Hegar dilators to facilitate 
milking out of the old blood and establishing a more 
robust shunt (Figure 10.2) [7]. 

Proximal shunts include Quackle’s corporoglanu- 
lar shunt, which may be performed bilaterally or 
unilaterally through a scrotal or perineal incision; 
the Grayhack shunt that involves anastomosis of the 
saphenous vein to one of the corpora (often compli- 
cated by venous thrombus and embolism); and the 
Barry shunt that involves anastomosis of the penile 
deep dorsal vein to a window in one of the corpora 
(which has not been very effective in practice) [5]. 
The Grayhack and Barry shunts are historical shunts 
that are seldom used in current practice. The suc- 
cessful execution of a shunt procedure may result 
in a non-tender penile erection with arterial-profile 
corporal blood gases—this represents iatrogenic 
conversion of ischemic priapism into a non-ischemic, 
or high-flow priapism state. This type of post-shunt 
high-flow priapism is not treated with arterial embo- 
lization. 


Stuttering priapism (recurrent) 


Stuttering priapism is a recurrent form of ischemic 
priapism. When a stuttering episode lasts beyond 
4 hours it should be treated as an ischemic priapism 
event. 

Several strategies could be employed in the non- 
urgent setting to prevent stuttering ischemic episodes. 
Some advocate the use of chronic androgen depri- 
vation, though this may have untoward side effects 
(loss of energy, low libido, depression, gynecomastia, 
decreased muscle mass) [8]. Androgen deprivation 
must not be used in males who have not yet completed 
full masculinization and skeletal linear growth. Some 
properly instructed patients perform self-injection with 
intracavernosal phenylephrine to manage stuttering 
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Percutaneous techniques 


i Corpora cavernosa 
Blopsy needle Winter 


Erectlie 
tissue 


Core of tissue removed 
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Figure 10.1 Distal percutaneous shunts [6]. 
events; this technique may be difficult to perform and The molecular pathology of stuttering and 
carries the inherent cardiovascular risks of systemic ischemic priapism may be related to a paucity of 
alpha-agonism. A third strategy is the administration local NO, and downregulated PDE-5. When a stim- 
of a daily PDE-5 inhibitor—an initially counterintui- ulus for erection causes a surge in cGMP, the low 
tive approach that is mechanism based [9]. levels of PDE-5 cannot sufficiently regulate cGMP 
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Figure 10.2 Snake maneuver (Burnett shunt) [7]. 


and the ensuing erectile response. PDE-5 inhibitor 
treatment is thought to induce a return of PDE-5 to 
normal levels, thus restoring the molecular mecha- 
nism behind physiologic regulation of erections 
(Figure 10.3). 

Therefore, patients with recurrent priapism may 
benefit from therapy with a daily oral PDE-S inhibi- 
tor [10]. This therapy should not be started during a 
stuttering episode or when the penis is tumescent. It 
should be noted that, overall, there are no medica- 
tions at this time that are completely successful for 
preventing stuttering priapism. 


A special case of recurrent priapism is in the group 
of men with spinal cord injury with intact sacral para- 
sympathetic arcs. This group may experience recur- 
rent reflexogenic erections that may be managed with 
intrathecal baclofen. It is unclear if this category of 
recurrent priapism falls into the ischemic or non- 
ischemic category. 


High-flow priapism (arterial, non-ischemic) 


High-flow priapism is not an emergency. Once 
diagnosed, a management strategy involving initial 
observation is reasonable because these cases may 
spontaneously resolve and because there is no risk 
to the patient’s erectile function. Because the etiol- 
ogy of high-flow priapism is arterial injury and con- 
sequent arteriocorporal fistula, compression and 
ice-pack application to induce vasospasm may be 
helpful. Treatments for high-flow priapism may be 
pursued on an elective basis, but the patient should 
be counseled that those treatments have associ- 
ated complications, especially of erectile dysfunc- 
tion. There are three major options for definitive 
treatment. 

1 Arteriography with embolization. Arteriography 
with embolization (typically with absorbable ma- 
terials such as autologous clot or gelatin sponges) 
has a 90% success rate, though one-third of treated 
cases will recur, and 15-20% of patients will experi- 
ence erectile dysfunction, regardless of the emboliza- 
tion material used. Other risks of this include glans 


Administration of 
long-term PDE5 
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expression degradation 
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priapism the penis 
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vascular functionality of 


Figure 10.3 Molecular basis of daily 
PDE-S inhibitor treatment for prevention 
of stuttering priapism [9]. 
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necrosis and penile gangrene, gluteal ischemia, and 
perineal abscess [1, 5]. 

2 Conservative management. Over time (months 
to years) the arteriocorporal fistula may mature 
into a distinct lesion with a pseudocapsule. This 
can be ligated and excised via an open surgical ap- 
proach [1]. 

3 Androgen deprivation. A very small case series 
demonstrated that 2-6 months of androgen depriva- 
tion therapy can potentially successfully treat high- 
flow priapism [11]. The postulated mechanism is that 
the resulting hypogonadism suppresses nocturnal 
erections, thus allowing arteriocorporal fistula to heal 
rather than repeatedly disrupt. 


Implantable penile prostheses 


The long-term functional consequence of untreated 
or unsuccessfully treated ischemic priapism is 
necrosis and fibrosis of the corpora cavernosa, 
which in turn results in irreversible erectile dys- 
function. A man with erectile dysfunction sec- 
ondary to priapism may elect to have a surgical 
placement of a penile prosthesis to restore sexual 
function. Penile prostheses come in two types. 
Malleable (two-piece) prostheses are flexible rods 
implanted into each corporal body that may be 
bent into an erect position for intercourse. Inflat- 
able (three-piece) prostheses consist of cylindrical 
balloons that fill with fluid and become rigid when 
an erection is desired. A fluid-containing reservoir 
is placed into the space of Retzius adjacent to the 
bladder, and a pump that allows the man to inflate 
and deflate the balloon cylinders is placed in a sub- 
dartos scrotal pouch. Both types of prostheses can 
be implanted through a single, small vertical peno- 
scrotal incision. 

The main intraoperative complication of prosthe- 
sis placement is perforation of the urethra during 
dilation of the corporal bodies. If this occurs, stand- 
ard management involves aborting the prosthesis 
placement, placing a urethral catheter to allow the 
urethra to heal, and delayed prosthesis placement 
in several weeks. The primary postoperative com- 
plications of penile prosthesis implantation are 
device infection and distal erosion. Infection may 
be manifested by purulent drainage, systemic signs 
and symptoms of infection, or sometimes marked 
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tenderness of the penile shaft. Almost all penile 
prosthesis infections present within 12 months of 
implantation. Device infection is treated with urgent 
explantation and antimicrobial therapy. A new 
prosthesis may be implanted in several weeks. The 
rate of device infection is 2% overall, 5% for dia- 
betics, and 10% in the setting of reimplantation for 
mechanical failure of the original device [12]. The 
risk of infection has been shown in multiple studies 
to be lower when the prosthetic cylinders are coated 
with an antibiotic such as rifampin/minocycline 
(InhibiZone™) [13]. 

Recall that rates of spontaneous erectile function 
(with or without the use of on-demand PDE-S inhib- 
itors) approach 0% for ischemic priapism episodes 
>36 hours. For this subgroup of extended ischemic 
priapism patients (who may have failed aspiration/ 
injection and shunts), some authors have advocated 
immediate placement of a penile prosthesis [14]. The 
main benefit of this strategy is that it is thought to 
prevent the penile shortening that accompanies cor- 
poral fibrosis after ischemic priapism events. How- 
ever, the main risk of this strategy is a higher risk 
of device infection (6%) and a high revision rate 
(24%), which some surgeons and patients will find 
unacceptable. 


WHAT TO AVOID/PITFALLS 


1 Inadequate history and physical examination can lead 
to misdiagnosis of priapism (e.g., end-stage ischemic 
priapism without pain masquerading as stuttering pria- 
pism, or inflated penile prosthesis in obtunded patients 
confused for priapism). 

2 Aspiration/injection beyond 1 hour or 1000 mcg phe- 
nylephrine unlikely to cause detumescence; therefore 
make preparations for surgical shunt at that point. 

3 Surgical shunts are best attempted in the operating 
room; bedside procedures are likely to be less effective 
and cause significant patient discomfort. 


KEY WEB LINKS 


AUA Clinical Practice Guidelines on Priapism 
http://www.auanet.org/content/clinical-practice- 
guidelines/clinical-guidelines.cfm?sub=priapism 


Clinical Trial of Sildenafil for Stuttering Priapism 
http://clinicaltrials.gov/ct2/show/NCT00940901 
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CASE STUDY 


A 19-year old African-American man presents to the 
emergency room complaining of a persistent penile erec- 
tion that began with intercourse the evening prior. He 
has been fully rigid for 14 hours, and for the past 8 hours 
he has also experienced significant pain. His past medi- 
cal history is notable for sickle cell trait. Throughout his 


Multiple choice questions 


1 What is the most likely diagnosis? 
a Ischemic priapism 
b High-flow priapism 
c Physiologic erection in a young man 
d Stuttering priapism 


2 What is this man’s chance of spontaneous erections 
given his duration of symptoms at presentation? 

a 0% 

b 44% 

c 78% 

d 100% 


3 After discussion with his urologist, the patient is inter- 
ested in a medical therapy that will prevent a repeat epi- 
sode of ischemic priapism. Which option is best for him? 

a Phenylephrine self-injection PRN 

b Oral ephedrine PRN 

c Oral terbutaline PRN 

d Daily sildenafil 
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Answers to multiple choice questions 


1 a This man describes a history of stuttering pria- 
pism, which makes him more susceptible to the cur- 
rent episode of ischemic priapism (>4 hours dura- 
tion). High-flow priapism is unlikely since there is no 
history or evidence of saddle/sexual trauma and the 
likelihood of a malignancy-induced arteriovenous 
fistula at this age is overall low. High-flow priapism 


also does not present with pain. Though sickle cell 
disease is commonly associated with stuttering and 
ischemic priapism, men with sickle cell trait can pre- 
sent similarly. 

The decision to treat him at the bedside with 
corporal aspiration and phenylephrine injection is 
made. Informed consent is obtained, he receives 
antibiotics, and after sterile prep, drape, and an- 
esthetic penile block, his erection is successfully 
detumesced with aspiration and a single injection 
of 200 mcg phenylephrine. His continuous cardiac 
rhythm strip and blood pressures remain normal. 
The first corporal aspirate blood gas result demon- 
strates ischemia. 
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2 c The chance of spontaneous erections (with or 
without PDE-S inhibitors) has been reported to be 
100% in men with priapism reversed within 12 hours, 
78% within 12-24 hours, 44% in 24-36 hours, and 
0% after a priapism duration >36 hours. 

3 a Though daily sildenafil is used in clinical trials as 
a potential therapy to restore normal PDE-S levels in 
men with stuttering priapism, the only current effec- 
tive treatment for recurrent ischemic priapism prior to 
emergent urologic treatments is penile self-injections 
with phenylephrine. This is generally well tolerated 
though the patient should be counseled about the po- 
tential cardiovascular side effects of systemic phenyle- 
phrine absorption. 


95 


Urinary fistulae 


Adam Kern 


The James Buchanan Brady Urological Institute and Department of Urology, The Johns Hopkins School of 


Medicine, Baltimore, MD, USA 


KEY POINTS 


e Fistulae most commonly result from surgical injury, but 
may occur any time processes that lead to local tissue 
degradation are present. 

e The tenets of management of fistulae are prevention, 
early intervention, and optimization of wound healing. 

e Vesicovaginal fistulae (VVF) are the most common lower 
urinary tract fistulae. 


e Most VVF encountered in industrialized countries occur 
as a result of injury accrued during abdominal or pelvic 
surgery. 

e The optimal method of fistula repair depends both on 
patient factors and surgeon familiarity. 


A fistula represents an abnormal connection or com- 
munication between two epithelial-lined hollow viscera 
or between the viscera and the skin. Fistulae may be 
formed by a variety of congenital processes, infection, 
malignancy, or may be caused by iatrogenic injury. 
Owing to the fact that the urinary tract is composed 
of epithelial-lined hollow viscera, fistulae may form 
between almost any genitourinary structure and other 
organs, given the proper conditions. The range of 
clinical presentations of fistulae is widely variable and 
depends in part on the physiologic impact of the fis- 
tula on the genitourinary function. In turn, the ideal 
treatments for fistulae depend on the exact location, 
etiology, and acuity of the fistula. Because many fistulae 
form in the setting of poor wound healing, both the pre- 
vention and correction of fistulae depend on address- 
ing comorbid conditions that may have contributed to 
fistula formation, including malnutrition, malignancy, 
infection, poorly controlled diabetes, and ischemia. 
The hallmarks of management of urinary tract fistula 
are prevention, early intervention to control urinary 


leakage, and optimization of nutritional and other factors 
to promote wound healing. Because of the discomfort and 
inconvenience associated with urinary fistulae, immedi- 
ate control of urine leakage at the time of diagnosis, at 
least through supportive measures such as application of 
absorbent pads and meticulous skin hygiene, may signifi- 
cantly alleviate patient suffering. These maneuvers may 
also arrest further fistulous maturation and progression 
and prevent serious infectious complications. 


Vesicovaginal fistulae 


Vesicovaginal fistulae (VVF) are the most common 
acquired fistulae of the urinary tract [1]. The first 
records of surgical repair of VVF in the Western world 
date to the 1660s, but it was not until John Mettaur’s 
successful closure of a VVF in 1838 that a durable 
technique of repair was reported in the United States. 
The famous North American surgeon James Marion 
Sims modernized the repair of VVF and became the 
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father of the nascent field of urogynecology after the 
publication of a successful series of transvaginal VVF 
repairs using silver wire in 1852 [2]. However, Sims 
remained a controversial figure owing to his use of 
slaves as his surgical subjects amid unresolved ques- 
tions about their willing participation and informed 
consent [3, 4]. Thirty years later Trendelenburg pub- 
lished the first series on transabdominal repair of 
VVE, and Martius described the labial fat pad inter- 
positional flap in 1928. 

The etiology of VVF differs greatly between those 
commonly encountered in the developing world ver- 
sus those in industrialized nations. VVF seen in the 
United States are overwhelmingly the result of iatro- 
genic injury during pelvic surgery, frequently hyster- 
ectomy [5]. Abdominal hysterectomy seems to carry 
the highest risk, with the rate of VVF formation fol- 
lowing the procedure estimated to be between 0.5% 
and 1% [6, 7]. The aggregate prevalence of VVF fol- 
lowing hysterectomy in all approaches is estimated 
between 0.1% and 0.2% [8]. Post-hysterectomy 
VVF almost always result from occult cystotomy 
near the bladder cuff [9]. Obstetric trauma is an 
uncommon cause of VVF in the developed world. 
In contrast, lack of adequate perinatal care is a 
major public health problem in developing nations 
and obstructed labor remains a significant cause of 
VVF in these settings. Because these fistulae form 
as a result of prolonged abruption of the fetal head 
against the anterior vaginal wall, obstetric fistu- 
lae tend to be larger and are located distally in the 
vagina. Obstetric fistulae are also associated with 
other injuries to the lower urinary tract that may 
occur as a result of labor, such as urethral damage, 
urinary sphincter dysfunction, and neurologic defi- 
cit. In Sub-Saharan Africa, the rate of VVF after vag- 
inal delivery is estimated to be as high as 10.3 per 
100,000 deliveries [10]. 

Most urinary fistulae seen in developed countries 
initially present with symptoms of frequent or con- 
stant urinary drainage 1-2 weeks after a pelvic or 
abdominal surgical procedure or instrumentation. 
The degree of urinary leakage may be highly variable 
and ranges from constant dribbling to intermittent 
leakage which is dependent on bladder fullness and 
patient position. Exceptions to the above are fistulae 
stemming from radiation injury, which usually pre- 
sent after a delay of many years. Pain is an uncom- 
mon finding with VVF. 
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The initial evaluation of VVF focuses on ruling out 
other causes of urinary leakage, such as stress or urge 
incontinence, and on proving the existence of a fis- 
tulous tract. Physical examination, including pelvic 
examination with speculum, is critical in determin- 
ing fistula location and size. Special note should be 
taken of the location of the fistula within the vagina 
to determine the feasibility of transvaginal repair. A 
starting point when looking for iatrogenic fistulae is 
to look at the vaginal cuff, where most fistulae are 
located. The quality of the tissue surrounding the fis- 
tula should also be noted in order to inform the tim- 
ing of repair. The urethra should also be inspected, 
and a urinalysis and urine culture should be obtained. 

Some fistulae are difficult to identify and in these 
instances additional diagnostic maneuvers are help- 
ful. Occult or complex fistulae can be evaluated 
with cystoscopy. Cystoscopic examination can iden- 
tify intravesical signs of inflammation, scarring, or 
malignancy. Furthermore, a pediatric catheter may 
be passed through the fistula from the vaginal aspect 
and visualized within the bladder, giving the surgeon 
a more accurate understanding of the geometry of the 
tract. This technique also identifies the proximity to 
the trigone, which will allow planning for ureteroneo- 
cystostomy, if needed at the time of reconstruction. A 
“double dye” test may also be performed to identify 
the position of a VVE In this test, the vagina is packed 
with several pieces of moist white gauze that will stain 
with leaking dye from the fistula tract. Alternatively, 
a tampon may be used. The bladder is then instilled 
with a dye and another agent is given either IV or PO 
to color the urine filtered by the kidneys. Different 
regimes using carmine dyes or phenazopyridine and 
methylene blue have been described. In one routine, 
a red carmine dye is instilled into the bladder and 
indigo carmine is administered IV. The vaginal pack- 
ing is then examined. A red-colored stain on the pack- 
ing from the mid-vaginal or upper-forniceal packing 
is suggestive of VVE. A blue stain is suspicious for a 
ureterovaginal fistula, whereas red staining only at 
the distal packing near the vaginal opening is consist- 
ent with urethral leakage. In an alternative system, 
methylene blue is instilled into the bladder and oral 
phenazopyridine is administered. An orange stain 
suggests a ureterovaginal fistula, whereas blue stain- 
ing indicates either VVF or urethral leakage. 

Radiographic evaluation is also used in conjunction 
with cystoscopy and physical examination to identify 
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and characterize VVF. Because concomitant ureteral 
injury is seen in 10-15% of cases of VVF [11], imag- 
ing of the upper tracts is an important component 
of the VVF workup. IVP or CT urogram is usually 
capable of identifying ureterovaginal fistulae. Endo- 
scopic retrograde pyelography is also employed when 
CT urography is nondiagnostic or when the VVF is 
known to be in very close proximity to the ureter. 
Imaging of the bladder is best undertaken by perform- 
ing a voiding cystourethrogram (VCUG). This study 
has the ability to evaluate for multiple fistulae, and to 
identify small fistulae where leakage is only provoked 
by detrusor contraction during the voiding phase. 
Evaluation with VCUG gives the additional benefit of 
assessing bladder capacity, which will aid preopera- 
tive planning. Cross-sectional imaging is often of less 
value in the workup unless malignancy or other pelvic 
pathology is present. Likewise, urodynamic studies 
are not routinely needed unless the history and physi- 
cal examination suggest coexistent stress incontinence 
or detrusor instability. 

Catheter drainage of the bladder is the initial man- 
agement of VVE Almost all patients will benefit from 
immediate catheter drainage early after injury is rec- 
ognized because urinary leakage will be diminished 
and further maturation of the tract may be slowed. 
Very small fistulae may resolve with catheter drain- 
age alone, as total urine diversion away from the tract 
will allow it to heal. Patients will also significantly 
benefit from the symptomatic relief of total urinary 
incontinence. An initial strategy is a trial of 4-6 weeks 
of catheter drainage with subsequent reevaluation of 
the patency of the tract. However, if urinary leakage 
does not stop after insertion of the catheter, the fistula 
is likely too large to ever heal with this conservative 
approach. Providers should also proactively man- 
age bothersome secondary complications of chronic 
Foley catheter use such as bladder spasm to maximize 
patient comfort. Adjuvant usage of fulguration of the 
fistula tract may be combined with catheter drainage 
for small fistulae. The epithelium lining the tract is 
fulgurated with a Bugbee electrode or similar device, 
allowing healing and eventual reapproximation along 
the tract. However, this strategy can backfire if high 
electrocautery currents are used, as surrounding tis- 
sue becomes devitalized and the size of the fistula 
may actually increase. Careful selection only of small 
fistulae and application of meticulous technique are 
essential to the success of this procedure. 
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Larger or more complex fistulae are managed sur- 
gically. Contemporary understanding of the timing 
of fistula repair has evolved since the early 1900s. 
Traditionally, surgical repair was delayed many months. 
The rationale was that this allowed maximal resolu- 
tion of surrounding inflammation and maturation of 
the tract that would aid visual identification at the time 
of surgery. However, this approach left patients hav- 
ing to deal with bothersome problems of incontinence 
for long periods of time, and ultimately has not been 
shown to significantly increase surgical success rates in 
modern series. Indeed, early repair of VVF has success 
rates that approach 90-100% in a variety of transab- 
dominal or transvaginal modalities. The timing of sur- 
gical repair is a decision customized for each patient, 
based on the anticipated surgical strategy and adequate 
resolution of local edema and necrosis. 

Likewise, the choice of surgical approach is also 
customized to each individual situation and based 
both on clinical factors and surgeon familiarity. Con- 
troversy exists as to the superiority of transabdomi- 
nal versus transvaginal approaches. Highly complex 
fistulae may be most amenable to transabdominal 
repair given the maximal exposure and ability to 
employ omental interpositional flaps. However, the 
vast majority of fistulae may not require such exten- 
sive dissection and are best treated with less-invasive 
transvaginal techniques that minimize perioperative 
patient morbidity and speed recovery time. Factors to 
consider are whether repair of the tract will require 
ureteral reimplantation or bladder augmentation, 
desire to minimize the possibility of vaginal shorten- 
ing, the location of the tract, and the general quality 
of surrounding tissues. Most transvaginal techniques 
only require patients to be hospitalized for 1-2 nights 
and are often associated with less overall catheter 
time. The primary risk of transvaginal repair is insuf- 
ficient closure of the fistula or vaginal foreshortening 
or stenosis. In either general approach, certain sur- 
gical tenets should be adhered to, namely adequate 
debridement of devitalized tissues, watertight closure 
in multiple layers using a tension-free repair and com- 
plete postoperative urinary catheter drainage to allow 
the defect to heal. 

The transvaginal repair technique usually involves 
placing the patient in lithotomy position and obtain- 
ing exposure with either a weighted speculum or a 
Brantley Scott (a.k.a. Lone Star) retractor. The dis- 
tal aspect of the fistula is then isolated and mobilized 


and then closed by the creation and folding of vagi- 
nal flaps. Inverting sutures are placed into the tract 
in multiple layers before positioning the vaginal flap 
over the defect. Optionally, an additional soft tissue 
flap such as a vascularized Martius fat pad may be 
rotated over the defect to provide additional coverage. 

A partial colpocleisis (a.k.a. Latzko procedure) is 
one popular option for transvaginal repair of fistulae 
located right at the cuff of the vagina. In the Latzko 
repair, a portion of the vaginal epithelium is denuded 
from the cuff across an area that traverses both the 
anterior and the posterior vagina. The denuded area is 
then plicated onto itself over the vaginal cuff in layers, 
encompassing the area of the fistula, and the mucosa 
is then closed over the top of the repair. Latzko repair 
is an attractive option when a minimal transvaginal 
approach is desired and the location of the fistula is 
known and the size of the defect is small. However, 
the potential risk of the technique is that plication of 
the cuff will lead to shortening of the vaginal canal 
and negatively impact sexual function. 

The traditional open abdominal repair begins by 
bivalving the bladder along the midline to approach 
the fistula from above. The proximal tract is then 
isolated and mobilized, and then closed. A careful 
examination of the bladder and ureters is also done at 
this time to identify any other occult fistulae or other 
injury. Bladder flaps are then formed and used to close 
the fistula in layers, and omental flaps may also be 
applied for maximal coverage. The bladder is then 
closed in layers. 


Ureterovaginal fistulae 


Ureterovaginal fistulae, similarly to VVF, are most 
often caused by injury during pelvic or abdominal 
surgery. Ureteral injuries during abdominal hyster- 
ectomy or other major gynecologic surgery are espe- 
cially common in the distal one-third of the ureter, 
and it is these injuries that can lead to ureterovaginal 
fistula formation. Additionally, other factors such as 
prior radiation exposure diminish the quality of sur- 
rounding tissues and predispose toward ureteral fistu- 
lae. While ureterovaginal fistulae often present with 
continuous dribbling of urine similar to VVF, patients 
with ureteral fistulae may also develop ipsilateral ure- 
teral obstruction, and hydroureteronephrosis or even 
flank pain may be apparent. 


CHAPTER 11 URINARY FISTULAE 


The evaluation and diagnosis of ureterovaginal fis- 
tulae is similar to that undertaken of the upper tracts 
during the workup of VVF. Intravenous pyelography, 
CT urogram, or retrograde pyelography can identify 
extravasation from the ureter and localize the level of 
the defect. Retrograde pyelography may also be thera- 
peutic, as a ureteral stent can be placed at the time of 
the study to at least temporize the injury. Cystoscopy 
performed at the same time as retrograde pyelogra- 
phy allows visual inspection of the trigone for occult 
injury. Finally, a filling cystogram, or ideally a VCUG, 
assists with the estimation of bladder capacity for sur- 
gical planning and identifies any vesicoureteral reflux 
that may be present. Cross-sectional imaging is useful 
as a diagnostic adjunct when the patient displays clin- 
ical signs of complex UTI or pyelonephritis. CT can 
identify perinephric and periureteral collections and 
also identify radiographic signs of renal parenchymal 
compromise consistent with pyelonephritis. A notable 
difference between ureterovaginal fistulae and VVF is 
that in the former, patients will still report normal 
voiding habits because the contralateral kidney con- 
tinues to fill the bladder with urine. This stands in 
contradistinction to VVE, which usually prevents the 
bladder from filling to large volumes. A careful his- 
tory may elicit these signs and guide early diagnostic 
workup. The “double dye” test can also be used to 
differentiate VVF from ureteral fistulae. 

As with VVE, the initial management of ureteral 
fistulae is diversion of urine away from the fistulous 
tract. This is most easily achieved by placing a ure- 
teral stent across the defect. Percutaneous nephros- 
tomy tubes can also be placed for maximal urinary 
drainage. Small defects may resolve with conserva- 
tive management alone if the urine is diverted from 
the tract for a period of 4-8 weeks [12]. If conserva- 
tive management is insufficient, open surgical repair 
is required. Because the majority of ureterovaginal 
fistulae occur at the most distal portion of the ure- 
ter, repair usually involves ureteroneocystostomy 
and ureteral reimplantation. It is not necessary to 
excise the distal ureteral stump distal to the defect 
unless significant vesicoureteral reflux is present. If a 
defect involves a large portion of the ureter or other 
pathology is involved, it may be necessary to excise 
a portion of the ureter and mobilize tissues to effect 
a repair similar to the approach in trauma. If short 
lengths of additional ureter are required to allow 
reimplantation, a psoas hitch or Boari flap may be 
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employed. Alternatively, the rare large distal ureter- 
ovaginal fistula may require reconstruction with tran- 
sureteroureterostomy, ileal ureter formation, or renal 
autotransplantation. 


Urethrovaginal fistulae 


Urethrovaginal fistulae, like other genitourinary fis- 
tulae involving the vagina, are most commonly seen 
in the setting of surgical trauma, particularly vaginal 
or urethral reconstructive surgeries. However, many 
urethrovaginal fistulae may be initially asymptomatic 
if located distally because continent control is main- 
tained over the portion of urethra where the fistula 
branches. Vague symptoms such as dyspareunia or 
sporadic incontinence can be the presenting signs. 
The diagnosis is made by VCUG and cystoscopy. 
Complex urethrovesicovaginal fistulae are sometimes 
seen in instances of obstructed labor resulting in wide 
areas of tissue necrosis. 

Conservative management of urethrovaginal fis- 
tulae is possible if symptoms are minimal and there 
is no significant ongoing local necrotic or inflamma- 
tory process. When operative intervention is required, 
techniques similar to those employed in VVF and ure- 
thral trauma repair are utilized. The fistula is isolated 
and mobilized and local flaps are then reflected over 
the defect. Additional vascularized adjuvant interpo- 
sitional flaps or grafts similar to those used in VVF 
repair may be optionally used. Several weeks of post- 
operative Foley catheter drainage ensure adequate 
healing of the repair. 


Uroenteric fistulae 


Enterovesical fistulas usually result from complica- 
tions of bowel disease including inflammatory bowel 
disease, Crohn’s disease, diverticulitis, and malig- 
nancy. Diverticulitis was the most common cause 
of enterovesical fistula in some small contemporary 
series [13]. However, enterovesical fistulae second- 
ary to trauma or urologic instrumentation may also 
occur. 

Many enterovesical fistulae are clinically silent, but 
when symptomatic, they most often manifest with 
urinary symptoms, including pneumaturia (air in 
the urine), fecaluria (fecal material in the urine), and 
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recurrent urinary infections. The fistula can then be 
confirmed with either visual or radiographic means. 
A charcoal test may be used where the patient ingests 
activated charcoal and the urine is analyzed for the 
presence of charcoal in the voided urine. A potentially 
easier, cheaper, and more effective test is the “poppy 
seed test,” where the patient ingests poppy seeds and 
the urine is studied to see if any seeds are present in 
the voided specimen. One group reported a 100% 
diagnostic success rate using the poppy seed test, at 
a cost 100x lower than competing modalities [14]. 
Cystoscopy also has a high success rate in identify- 
ing uroenteric fistulae and allows for simultaneous 
biopsy if malignancy or other pathology is suspected. 
Radiographic workup can be performed using a com- 
bination of barium enemas, VCUG, or CT. Any air or 
contrast tracking between the urinary and digestive 
viscera is indicative of a fistula. 

Conservative treatment of enterovesical fistulae 
can be initially attempted, given that many of these 
fistulae are clinically silent. Symptomatic fistulae that 
are shown to be small and noncomplex on exami- 
nation may respond to prolonged bowel rest facili- 
tated by parenteral nutrition supplementation. Any 
underlying contributing factors such as malignancy 
or inflammatory disease should also be addressed at 
this time. Refractory cases can be repaired surgically, 
although these procedures are often extensive and 
benefit from a team approach between genitourinary 
and gastrointestinal surgeons. Fecal and/or urinary 
diversion may be required along with intra-abdom- 
inal reconstruction using transposition of omental 
flaps. 


WHAT TO AVOID/PITFALLS 


e New onset incontinence should not be automatically 
attributed to a urinary fistula even in the setting of 
recent surgery. Appropriate workup for detrusor insta- 
bility, urinary sphincter deficiency, etc. is still required. 

e Prevention is the best strategy for managing iatrogenic 
fistulae. 

e Up to 12% of iatrogenic VVF have an associated ure- 
teral injury. 

e Often the best modality of surgical management of 
urinary fistulae is dependent on surgeon comfort and 
familiarity. 

e Most large fistulae will not heal unless local wound 
care and nutritional status are optimized. 


GUIDELINES AND WEB LINKS 


1 Living With Obstetric Fistula. G Esegbona.BM) 
2011;342:d2881 

2 www.endfistula.org 

3 http://www.isofs.org/wp-content/uploads/2011/04/ 
report_2010_000_full_report_LR.pdf 


CASE STUDY 


A 48-year-old woman undergoes a laparoscopic abdomi- 
nal hysterectomy and develops vaginal leakage of urine 
7 days after surgery. She has no prior history of abdomi- 
nal or pelvic radiation. 


Multiple choice questions 


1 The first step in management of the patient should be: 
a Reexploration of the surgical bed 
b Placement of percutaneous nephrostomy tubes 
c Optimization of nutritional status 
d VCUG 
e Foley catheter placement 


2 Two weeks later the patient continues to complain 
of urinary leakage. The best first diagnostic test to 
perform is: 

Retrograde urethrogram 

Double dye test 

Cystoscopy 

VCUG 

Pelvic CT scan 


cangre 


3 A ureterovaginal fistula is identified 2-3 cm above 
the bladder. Endoscopic attempts to pass a ureteral 
stent in both retrograde and antegrade fashions fail. 
The best next step is: 

a Percutaneous nephrostomy placement 

b Ureteroneocystostomy with psoas hitch 

c ‘Transureteroureterostomy 

d Ileal ureter 

e Renal autotransplantation 
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Answers to multiple choice questions 


1 c Optimization of nutritional status to promote 
wound healing is a cardinal principle of the man- 
agement of urinary fistulae and should be started in 
the early phase of care. A VCUG is highly useful in 
the diagnostic workup, as it can potentially ident- 
ify and localize vesicovaginal, ureterovaginal, and 
vesicoureteral fistulae and also characterize blad- 
der capacity and identify other occult bladder injury 
and vesicoureteral reflux. However, the first step in 
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management after a clinical diagnosis of incontinent 
urinary fistula is made is Foley catheter placement. 
The Foley catheter will keep the patient dry and also 
may lead to spontaneous closure of small fistulae. 
Immediate reexploration or percutaneous urinary di- 
version is not indicated. 

2 a A retrograde urethrogram is unlikely to identify 
the source of leakage given the history. Cystoscopy, 
VCUG, and CT scan are all useful adjuncts in the ad- 
vanced diagnostic workup. An easy and rapid initial 
test that can be performed in the office is the double 
dye test. Methylene blue dye solution is instilled into 
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the bladder and the patient is given a dose of oral 
phenazopyridine. Extravasation of blue dye onto the 
vaginal packing suggests a VVE, whereas leakage of 
orange dye indicates a ureterovaginal fistula. 

3 b Planning for surgical repair of ureterovaginal 
fistulae involves considerations similar to repair of 
traumatic injury. The type of ureteral reconstruction 
is dependent on the location and size of the ureteral 
defect. Ureterovaginal fistulae 2-3 cm above the blad- 
der can be corrected by ureteral reimplantation. It is 
not necessary to resect the distal ureteral stump unless 
vesicoureteral reflux is present. 


Urethral stricture disease 
Debasish Sundi and Arthur L. Burnett 


_ i The James Buchanan Brady Urological Institute and Department of Urology, The Johns Hopkins School of 
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KEY POINTS 


Urethral strictures are most commonly traumatic in 
etiology. 

Direct vision internal urethrotomy (DVIU) is not a durable 
treatment for urethral strictures. 

The extent of urethral strictures can be assessed 
preoperatively by retrograde urethrogram (RUG) 

or voiding cystourethrogram (VCUG)—RUG when 
there is also an indwelling suprapubic (SP) tube. 


e Strictures <2 cm are amenable to scar excision, urethral 
spatulation, and primary anastomosis. 

e Strictures >2 cm typically require additional tissue 
mobilization or substitution urethroplasty with buccal 
graft or non-hair-bearing skin flap. 


Etiology and pathogenesis 


In a large single-surgeon series, 53% of urethral stric- 
tures were secondary to trauma [1]. The most common 
type of injury is a saddle trauma event. Forty percent 
of cases had no known cause and are inclusive of iat- 
rogenic, infectious, and inflammatory conditions such 
as urethral instrumentation, chlamydia, gonorrhea, and 
lichen sclerosus—balanitis xerotica obliterans (LS-BXO). 
A history of hypospadias was found in 7% of strictures. 
Another cause of strictures is radiation (e.g., pelvic 
external beam or brachytherapy for prostate cancer) [2]. 

Iatrogenic strictures have become less common 
with the development of smaller caliber cystoscopes 
and more less frequent indications for cystoscopy 
in boys [3]. Urethritis-related strictures (secondary 
to gonorrhea and chlamydia) have also become less 
common over time [4]. Reiter’s syndrome remains a 
rare cause of urethral stricture disease. LS-BXO is an 
idiopathic inflammatory process of the glans penis 
that may cause meatal stenosis. This is commonly 


associated with diffuse urethral stricture disease. The 
exact relationship is unknown but one hypothesis is 
that distal urethral obstruction from meatal stenosis 
causes high pressure voiding and urine intravasation 
into the paraurethral glands of Littre, which could 
result in chronic peri-urethral injury and inflammation. 
The primary insult (trauma, infection, and ischemia) 
ultimately leads to an inflammation response and 
subsequent fibrosis of the urethra and its investing 
spongy tissue, the corpus spongiosum. The length of 
this fibrosis determines the appropriate treatment. 


Diagnosis 


The predominant symptom of a significant urethral 
stricture is progressive obstructive voiding. Less com- 
monly, the patient presents with irritative voiding symp- 
toms, prostatitis, epididymitis, or painful ejaculation. 
The patient with a urethral stricture may even be in uri- 
nary retention and attempts at urethral catheterization 
will likely be unsuccessful. The next step is urethroscopy 
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(such as with a flexible cystoscope) to visualize the stric- 
ture. Though it may be tempting to use serial dilators 
to widen the stricture in order to pass a catheter over a 
wire, this practice is discouraged for two reasons. First, 
it may ultimately result in more extensive urethral scar. 
Second, it will disrupt the anatomy of the stricture, 
making diagnostic urethrography difficult to interpret. 
Therefore, the preferred method for bladder drainage in 
the setting of urinary retention secondary to a stricture 
is the placement of a suprapubic tube. 

The study of choice to delineate the length of a ure- 
thral stricture is a retrograde urethrogram (RUG). This 
is a fluoroscopic study with the patient in a relatively 
steep lateral oblique position and his penis on gentle 
stretch. Radiopaque contrast is injected retrograde 
into the urethra via either an angiocath or a 12F Foley 
catheter inserted into the tip of the penis with 1-2 mL 
inflated in the balloon to prevent the catheter from 
slipping out. If a suprapubic tube is present, contrast 
can also be instilled into the bladder; the patient is 
asked to void during the RUG. This antegrade voiding 
cystourethrogram (VCUG) in concert with the RUG 
is a combined VCUG-RUG; it is sometimes referred 
to an “up-and-down” study. Alternatively, if a mature 
suprapubic tract is present, then a flexible cystoscope 
can be placed antegrade into the bladder neck to the 
proximal-most aspect of the stricture. This is an alter- 
native to the VCUG-RUG to study the stricture length 
in simultaneous antegrade and retrograde fashion. 

Ultrasound is a less-commonly used alternative or 
adjunct technique to study urethral stricture length [5]. 
Some authors propose that ultrasound is preferred 
since it may also assess the extent of spongiofibrosis 
and stricture depth. If narrowing of the urethra is sus- 
pected to be a malignancy based on the history and ure- 
throscopy, transurethral biopsy in indicated, and MRI 
may be considered as an additional imaging modality. 


Conservative treatments and 
temporizing measures 


There are three conservative treatment options for 
urethral stricture disease. (1) Urethral dilation with 
or without subsequent self-catheterization (periodic 
urethral “calibration”). (2) DVIU with or without 
subsequent periodic  self-catheterization. (3) The 
placement of an endoprosthesis (UroLume® stent) 
across the stricture. Dilation may be achieved in 
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serial fashion using filiforms and followers, fascial 
(Amplatz®) dilators over a stiff guidewire, sounds, 
or urethral balloon-dilating catheters. The idea is to 
stretch the scar but not injure and rip it (as evidenced 
by postdilation bleeding). Traumatic stricture dilation 
will likely lead to rapid scar recurrence, leading per- 
haps to a worse stricture than before the dilation. 

DVIU (endoscopic cold knife or laser) is often used 
to treat strictures. The patient should be counseled 
that this maneuver can cause longer, denser strictures 
subsequently and may require periodic self-catheter- 
ization (urethral calibration) on a tapering schedule 
for several weeks after the procedure. This technique 
is less durable and may have to be repeated over 
time (as often as once every several months). Over- 
all reported success rates of DVIU vary widely from 
20% to 74%. Other data are more sobering, with 
published 5-year stricture-free rates as low as 5-7%. 
In a 15-year retrospective study of 76 patients who 
underwent DVIU, the stricture-free rate was only 8% 
(median time to recurrence 7 months, mean overall 
follow-up 18 months) [6]. Subsequent DVIU opera- 
tions were associated with even lower success rates. 

A third option is the placement of a UroLume® stent 
for strictures in the bulbar urethra [7]. This option is sel- 
dom employed due to many stent-related complications 
that may require a lifetime of endoscopic maintenance 
procedures. If the stent is placed or migrates distal to the 
bulbar urethra, the patient may experience significant 
pain during sitting or intercourse. Overlapping stents 
placed for longer strictures may migrate away from each 
other and lead to the need to place a third, intervening 
stent across the gap. The stents often epithelialize and 
may obstruct when this process is hypertrophic. The stent 
is also a nidus for (potentially obstructing) stones and is a 
risk factor for urinary tract infection. Another risk, espe- 
cially if the stent is placed over the external rhabdosphinc- 
ter, is incontinence that may require implantation of an 
artificial urinary sphincter (AUS). If stent-associated com- 
plications are significant, unfortunately the UroLume® 
is often exceedingly difficult to remove using endoscopic 
methods. However, successful open removal and con- 
comitant urethroplasty through a perineal approach has 
been described [8]. The UroLume® is contraindicated in 
patients with pelvic fracture urethral distraction injuries 
and for recurrent strictures in an area of prior urethro- 
plasty with skin flap substitution. These stents are also 
less successful in the setting of deep spongiofibrosis, often 
associated with saddle perineal trauma. 


Definitive management 


The most successful treatment for urethral stricture 
disease is stricture excision and urethroplasty [3]. 
The entire scar must be excised. Defects of <2 cm 
are typically repaired by spatulation of the proximal 
and distal urethral ends and primary anastomosis. 
Defects >2 cm may also be closed primarily if the 
tissue is compliant enough or with additional mobi- 
lization of the proximal urethra. The problems asso- 
ciated with primary anastomotic urethroplasty with 
larger defects include excessive tension on the anas- 
tomosis, foreshortening of the penis, and creation of 
a penile chordee. Traditionally, when the urethral 
defect after stricture excision is >2 cm, the tech- 
nique of choice is substitution urethroplasty, using 
either a graft or flap interposed between the proxi- 
mal and distal urethral segments. A graft or flap may 
be applied to the ventral, dorsal, or lateral urethra. 
The most commonly used graft is derived from the 
buccal mucosa. Other grafts include split- and full- 
thickness skin grafts, bladder epithelium, and rectal 
mucosa. Skin flaps may be transposed on a vascular 
pedicle to bridge the urethral defect. It is essential 
that the skin flap be derived from a patch of hair- 
less skin. Hair-bearing skin grafts can cause voiding 
irritation, recurrent infections, voiding obstruction, 
and serve as a nidus for stones. A variation of the 
skin flap, for very long anterior urethral strictures, 
is the Quartey flap [9]. This involves harvesting an 
island of penile and preputial skin derived from the 
axial blood supply of the superficial external puden- 
dal artery. It may be used as a patch or a rolled tube 
for urethral substitution. 

Urethroplasty is typically performed with a per- 
ineal approach, with the patient positioned in high 
or exaggerated dorsal lithotomy [4]. It is beneficial 
to minimize time in this position, pad the lower 
extremities with care, and use sequential com- 
pression devices; because prolonged dorsal lithot- 
omy carries risks of rhabdomyolysis and compart- 
ment syndrome [10]. Complex or very long urethral 
strictures that are not amenable to repair with a 
single operation may be treated by a strategy of 
staged urethroplasty. In the first stage, a urethros- 
tomy is created at the perineum or ventral penile 
shaft. In the second stage, the urethroplasty is com- 
pleted by urethral tubularization distal to the prior 
urethrostomy. In one retrospective study of 38 men 
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who underwent first-stage urethroplasty, the success 
rate (requiring no further procedures) was 84%, 
and only 24% was elected to proceed with the sec- 
ond stage, indicating that a perineal or penile ure- 
throstomy results in satisfactory voiding function 
and quality of life in most cases [11]. 

Postoperatively, patients are maintained on cul- 
ture-specific or prophylactic antibiotics until the ure- 
thral catheter is removed. Patient status after graft 
substitution urethroplasty will require 48-72 hours 
of bed rest to allow graft imbibition and therefore 
also require venous thrombus prophylaxis with sub- 
cutaneous heparin injections in addition to com- 
pression stockings and pneumatic compression 
boots. About 2-3 weeks after the urethroplasty, a 
RUG and/or VCUG is performed with the urethral 
catheter in situ. If this peri-catheter RUG demon- 
strates a widely patent urethra with no extravasation 
at the site or urethroplasty, the urethral catheter may 
be removed. If a suprapubic tube is in place, this is 
capped and removed a few days later if the patient 
has no subsequent voiding difficulty. Scheduled fol- 
low-up with RUGs at 3 and 12 months postopera- 
tively may be appropriate, with further interventions 
such as a urinary flow rate undertaken as needed if 
symptoms develop. 

In a single-surgeon series of 495 patients who had 
undergone urethroplasty, a multivariate analysis showed 
that smoking, prior DVIU, and prior urethroplasty were 
predictors of failure (defined as urine flow rate <15 cm/s 
or the need for subsequent DVIU or revision urethro- 
plasty) [1]. The studied population included anterior 
or posterior urethroplasties performed by a primary 
anastomotic approach or with graft or flap substitu- 
tion. In this series, the 5-year rate of stricture-free sur- 
vival was 79%. Consistent with this finding, a prior 
study of 51 patients who had undergone anastomotic 
urethroplasty for posttraumatic urethral stricture found 
that the 1-year rate of a satisfactory result was 90% in 
men who had not undergone prior urethral manipula- 
tion such as endoscopic realignment, DVIU, or urethro- 
plasty, but only 60% in those men who did have prior 
urethral manipulation [12]. In this series, the 5-year rate 
of stricture-free survival was 55%. 

As discussed previously, urethral strictures may 
also be sequelae of radiation therapy. The incidence 
of urethral strictures in men who have undergone 
either pelvic external beam radiation therapy or 
brachytherapy for prostate cancer is approximately 
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2% [13]. Urethroplasty is a feasible treatment option 
for radiation-induced strictures as well. In a multi- 
institutional retrospective study of 30 men who 
underwent urethroplasty for radiation-induced stric- 
tures, the stricture-free rate was 73% at a 21-month 
median follow-up, with the main side effect being 
new-onset urinary incontinence, which effected 50% 
of men [2]. 

A major side effect of urethroplasty is erectile dys- 
function. This has been prospectively studied at one 
center. In a single-surgeon series analyzing 52 men, 
erectile dysfunction (defined as a 5 point or greater 
decrease in the international index of erectile func- 
tion (IIEF)) occurred in 38% of men, with a slightly 
higher rate in men undergoing bulbar versus penile 
urethroplasty [14]. By a mean of 190 days, HEF 
scores returned to baseline in 90% of the men who 
experienced postoperative erectile dysfunction. Inter- 
estingly, the subgroup that did not experience a sta- 
tistically significant decrease in IEF was the group of 
men undergoing substitution urethroplasty for bulbar 
strictures. However, it should be noted that many 
men with urethral stricture disease have significant 
erectile dysfunction even before urethroplasty, which 
may be related to prior trauma and pelvic fractures. In 
a small series of men with posterior urethral strictures 
secondary to pelvic fractures, the rate of preoperative 
erectile dysfunction (negative nocturnal “Rigiscan” 
tumescence test) was 72%. Cavernosal arterial duplex 
ultrasonography of these men was abnormal in 28%, 
indicating a probable neurogenic etiology in 72% of 
the men with preoperative erectile dysfunction [15]. 
Some authors recommend that men with arteriogenic 
erectile dysfunction should undergo arteriography 
and penile revascularization prior to urethroplasty in 
order to avoid urethral ischemia, necrosis, and recur- 
rent stricture [15]. 


WHAT TO AVOID/PITFALLS 


e Strictures or dilations that result in tearing/bleeding 
rather than gentle stretching may cause even more se- 
vere recurrent strictures. 

e During urethroplasty, the lower extremities must be 

well-padded, carefully positioned, and periodically 

lowered during long surgeries, to avoid rhabdomyoly- 
sis and compartment syndrome. 

Patients undergoing urethroplasty must be counseled 

regarding the risk of erectile dysfunction. 
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KEY WEB LINKS 


AUA Foundation urethral stricture 
http://www.urologyhealth.org/urology/index.cfm? 
article=66 


CASE STUDY 


A 34-year-old man presents to the clinic with several 
months of progressive lower urinary tract symptoms 
(LUTS), the most prominent of which is decreased force of 
stream. His stream has lately become only a dribble, even 
with straining. He additionally feels—that is, having more 
of the sense—that he cannot empty his bladder completely. 
He has a history of appendectomy and is otherwise healthy. 
He takes no medications. He has been sexually active for 
most of the past decade (multiple partners), using condoms 
a majority of the time and is now in a monogamous rela- 
tionship. He denies a history of urinary tract infection. He 
is physically active and has completed several triathlons. 
His vitals are normal, his physical and genitourinary ex- 
aminations are unremarkable, and a urinalysis is normal. 


Multiple choice questions 


1 What is the most likely etiology and condition for 
this man’s obstructive LUTS? 
a Benign prostatic hypertrophy 
b Urethral stricture secondary to remote perineal 
trauma 
c Urethral stricture secondary to history of 
sexually transmitted urethritis 
d Early-onset prostate cancer 
e Hypertonic bladder neck 


2 The treatment with the lowest retreatment rate is 

a Urethroplasty with excision of scar and 
primary anastomosis 

b Urethroplasty with excision of scar and buccal 
mucosal graft interposition 

c Direct vision internal urethrostomy (DVIU) 

d Endoscopic placement of a UroLume® urethral 
stent 

e There are no significant differences in 
retreatment rates among the above options 
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Answers to multiple choice questions 


1 b The majority of urethral strictures are secon- 
dary to perineal trauma (straddle injury), which may 
be remote in the patient’s history. They occur most 
frequently in the bulbar urethra. Sexually trans- 
mitted infections are a less common cause of ure- 
thral stricture. In this age group, benign prostatic 
hyperplasia (BPH) and prostate cancer are rare in 
incidence. 

Flexible urethroscopy demonstrates an 8F stricture 
in the bulbar urethra, preventing passage of the scope 
into the bladder. A bladder scan ultrasound shows a 
150 mL post-void residual, and because the symp- 
toms are subacute, a suprapubic tube is not placed. 
The next day, the patient undergoes retrograde ure- 
thrography. The RUG is shown below. 


i 
Courtesy of Dr. Arthur Burnett, The Johns Hopkins School 
of Medicine. 


2 a Strictures recur after DVIU. The stricture-free 
rates from 5 to 15 years after DVIU are less than 
10%, and the median time to recurrence is between 6 
and 12 months. In contrast, the 5-year stricture-free 
rate after urethroplasty (any technique) is about 80%. 
Factors that reduce the stricture-free rates over time 
include prior urethral instrumentation/manipulation 
such as DVIU, exposure to local radiation therapy, 
revision urethroplasty, substitution with graft or flap 
instead of primary anastomosis, and smoking history. 
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Neurourology 
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KEY POINTS 


e Lesions above the brainstem initially lead to detrusor 
areflexia associated with “cerebral shock,” then later to 
detrusor overactivity with coordinated synergistic smooth 
and external sphincter; bladder sensation is usually 
normal or somewhat impaired. 

e A complete lesion of the spinal cord above level T6 leads 

to autonomic hyperreflexia, detrusor overactivity, and 

smooth sphincter dyssynergia. 

Complete lesions between spinal cord level T6 to S2 lead 

to spinal shock initially and then smooth sphincter 

synergy with striated sphincter dyssynergy; bladder 


sensation is usually impaired and involuntary detrusor 
contraction is present. 

Lesions below spinal cord level S2 lead to decreased bladder 
compliance, an open smooth sphincter, and a resting 
striated sphincter tone that is not under voluntary control. 
Patients with Shy-Drager syndrome typically have an open 
bladder neck due to smooth and striated sphincter deficiency. 
Goals of treatment for neurogenic voiding dysfunction 
include preservation of renal function, facilitation of low 
pressure storing and adequate low pressure voiding, 
continence, and a socially acceptable independent function. 


CASE STUDY 


The patient is a 30-year-old female with a history of pro- 
gressive multiple sclerosis diagnosed at the age of 20 years. 
Over the past 5 years, she noted worsening urge inconti- 
nence. She rarely has sensation of a need to void, and voids 
only twice daily. Between these voids, she has several epi- 
sodes of urge incontinence. She is mobile with a walker al- 
though she can walk short distances without a walker; she 
is concerned that her limited mobility also contributes to 
inability to make it to the bathroom on time. She recently 
underwent a renal and bladder ultrasound, which showed 
no hydronephrosis, and a postvoid residual of 300 cc with- 
out any sensation of incomplete emptying. Her serum 
creatinine on laboratory testing 4 months before was 0.8. 
She does not report frequent urinary tract infections, and 
has roughly one or fewer episodes of cystitis yearly. Past 
medical history is notable for multiple sclerosis with op- 
tic neuritis and left-hand ataxia. She is right-handed and 


has adequate right-hand dexterity. Past surgical history is 
notable for remote history of gastric bypass surgery and 
abdominoplasty and recent ventral hernia repair. Medi- 
cations include dalfampridine, baclofen, duloxetine, 
clonazepam, esomprazole, methadone, carbamazepine, 
pregabalin, diphenhydramine, natalizumab infusion, cy- 
clobenzaprine, and methylphenidate. Physical examination 
was unremarkable. It was recommended that she undergo 
urodynamics testing to better characterize her voiding dys- 
function. After this evaluation, possible management with 
anticholinergic medication in conjunction with self-cath- 
eterization will be discussed, with hopes that her manual 
dexterity will permit self-catheterization. In the mean time, 
she will practice timed voiding every 3 hours. She was also 
counseled about the importance of surveillance renal ultra- 
sonography and serum creatinine testing at least yearly to 
detect any developing impairment of renal function. 


Handbook of Urology, First edition. J. Kellogg Parsons, John B. Eifler and Misop Han. © 2014 by John Wiley & Sons, Ltd. 
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Normal micturition 


The viscoelastic properties of the bladder allow it to 
fill at low pressure during normal physiologic con- 
ditions. This property of the bladder wall is called 
accommodation, and depends on its composition of 
smooth muscle, collagen, and elastin [1]. When this 
property is impaired, the bladder is said to be non- 
compliant. Patients who have a detrusor leak point 
pressure (detrusor pressure at which leakage occurs) 
of >40 cm H,O are at increased risk for upper tract 
damage. 

Neural control of micturition is organized in 
the pontine micturition center (PMC) and sacral 
micturition center. There is normally a negative inhi- 
bition from higher brain centers to PMC, and mic- 
turition requires release of this negative inhibition. 
The sacral micturition center receives parasympa- 
thetic and somatic inputs which are integrated there, 
and together with thoracolumbar sympathetic com- 
ponents, regulate micturition [1]. The first event to 
occur during micturition is relaxation of the stri- 
ated sphincter. After this, there is a rise in detrusor 
pressure. The urethral pressure also falls until a point 
is reached when the detrusor pressure is equal to the 
urethral pressure. At this point, the bladder neck and 
urethra open and urine outflow occurs [1]. 

Continence depends on a number of factors: (1) a 
bladder which maintains low pressure over a range 
of filling volumes, and is free from intermittent pres- 
sure rises from involuntary detrusor contractions; (2) 
a sphincter mechanism which remains closed during 
filling but opens during voiding; and (3) intact neural 
network to the bladder and outlet [1]. 


Etiology of urinary incontinence 


Bladder compliance: Several factors, neurogenic and 
non-neurogenic, may alter bladder compliance. These 
include radiation cystitis, tuberculous cystitis, blad- 
der outlet obstruction, spina bifida, and radical pelvic 
surgery such as abdominoperineal resection or radical 
hysterectomy. 


Detrusor overactivity: This, likewise, may be due to 
neurogenic or non-neurogenic causes. Neurogenic det- 
rusor overactivity, formerly known as detrusor hyper- 
reflexia, is often due to lesions above the PMC such 
as cerebrovascular accident, Parkinson’s disease, brain 


112 


tumor, and traumatic brain injury. Non-neurogenic det- 
rusor overactivity, formerly known as detrusor insta- 
bility, may be caused by bladder tumors or carcinoma 
in situ, bladder stones, and bladder outlet obstruction. 


Impaired sphincter function: The sphincteric mecha- 
nism of men and women is fundamentally different. 
The male sphincteric mechanism consists of two ele- 
ments: first, the bladder neck mechanism and second, 
the urethral sphincteric mechanism, located just dis- 
tal to the prostatic apex, which contains the external 
sphincter muscle. In contrast, in the female, the blad- 
der neck mechanism is quite weak and often incom- 
petent [1]. Thus, the urethral sphincter, located in 
the proximal two-thirds of the urethra, is primarily 
responsible for maintaining and women are at higher 
risk for stress incontinence than men. 

Impaired sphincter function may be due to (1) intrin- 
sic sphincter deficiency (ISD) or (2) a poor support 
mechanism of the urethra, which leads to hypermobil- 
ity. Although ISD and hypermobility are on a spec- 
trum, there is likely at least a small component of ISD 
in most cases of impaired sphincter function [1]. It is 
widely accepted that a Valsalva leak point pressure 
(the intravesical pressure at which leakage occurs due 
to increased abdominal pressure) <60 cm H20 is con- 
sistent with ISD while a Valsalva leak point pressure 
>90 cm H,O is consistent with absence of ISD and 
thus the presence of hypermobility [1]. According 
to De Lancey’s hammock theory, during increases 
in abdominal pressure, the urethra is normally com- 
pressed by a hammock of muscle and connective 
tissue. In patients with poor support, there is instead, 
rotational descent of the bladder neck with increased 
abdominal pressure and stress incontinence ensues [2]. 

Labor and vaginal delivery have long been known 
to be major risk factors for impaired sphincter func- 
tion in women; the mechanism for this may include 
pudendal nerve injury, damage to pelvic floor connec- 
tive tissue or its vasculature, and direct injury to the 
structures of the urinary tract. Women with severe 
perineal tears at the time of delivery or larger neo- 
natal birth weight are at higher risk for sphincteric 
damage [3-6]. 

Other risk factors for impaired sphincter function 
include prior urethral surgery (e.g., sling procedure 
or urethral diverticulectomy which can predispose to 
periurethral fibrosis), radiation therapy, and denerva- 
tion of the external sphincter. 


Neurologic conditions leading to lower 
urinary tract dysfunction 


Cerebrovascular accident: This event is initially 
associated with “cerebral shock” which is charac- 
terized by urinary retention due to detrusor are- 
flexia. Once this phase resolves within a few weeks 
or months, overactive bladder usually manifests and 
persists long term. 


Traumatic brain injury: This event may be associated 
with initial detrusor areflexia. If injury is above PMC, 
overactive bladder then develops. In cases where 
injury is in the brainstem below the PMC, detrusor- 
striated sphincter dyssynergia may develop. 


Normal pressure hydrocephalus: This condition may 
be associated with incontinence due to bladder over- 
activity. The sphincter is usually synergic. 


Cerebral palsy: This condition often has no associated 
voiding dysfunction, but may occasionally be associ- 
ated detrusor overactivity with synergic sphincter. 


Parkinson’s disease: This disorder is often associated 
with voiding dysfunction of the following patterns: 
detrusor overactivity, smooth sphincter synergia, and 
striated sphincter bradykinesia (the striated sphincter 
is slow to relax at the beginning of voluntary void- 
ing). Pseudodyssynergia (voluntary contraction of the 
striated sphincter to inhibit leakage during involun- 
tary detrusor contraction) may also be present. Both 
pseudodyssynergia and striated sphincter bradykin- 
esia may be confused with true dyssynergia on uro- 
dynamics. 


Shy—Drager syndrome (also known as multiple system 
atrophy): This disorder consists of Parkinsonism, cer- 
ebellar dysfunction, pyramidal cortical dysfunction, 
and autonomic dysfunction (including orthostatic 
hypotension, urinary, and erectile dysfunction). Anhi- 
drosis may also be present. Unlike Parkinson’s disease 
in which urinary symptoms present several years 
after diagnosis, patients with multiple system atrophy 
often have urinary symptoms before or at the time 
of diagnosis. The features of the voiding dysfunction 
often include bladder overactivity, poor compliance, 
smooth and striated sphincter deficiency with an open 
bladder neck, difficulty in initiating voluntary void- 
ing, and impaired detrusor contractility. The sphinc- 
ter abnormalities in these patients make prostatec- 
tomy or other outlet procedures risky. 
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Multiple sclerosis: Urinary manifestations of this dis- 
ease include detrusor overactivity, striated sphincter 
dyssynergia, and impaired detrusor contractility. The 
smooth sphincter is usually synergic and pseudod- 
yssynergia may be present. 


Spinal cord injury: Spinal shock is usually present for 
the first 6-12 weeks after complete suprasacral spinal 
cord injury and slightly less for incomplete suprasa- 
cral cord injuries. It is characterized by an areflexic 
bladder and a competent bladder neck. Both auto- 
nomic and somatic activities are suppressed [1]. 

After resolution of spinal shock, patients with 
suprasacral spinal cord injury have detrusor overac- 
tivity, smooth sphincter synergy, and striated sphinc- 
ter dyssynergia. The striated sphincter dyssynergia 
puts these patients at risk for impaired renal function. 
Thus management should be directed at preservation 
of renal function as the main priority before attain- 
ment of continence. Patients with cord lesion above 
T6 may also have smooth sphincter dyssynergy. 
Patients with sacral spinal cord injury usually have 
detrusor areflexia, normal bladder compliance, com- 
petent nonrelaxing smooth sphincter, and a striated 
sphincter that has some fixed tone but is not under 
voluntary control [1]. 

Autonomic hyperreflexia occurs in patients with spi- 
nal cord injury above T6-T8 and involves an excess- 
ive sympathetic response to stimulation below the 
level of the lesion. This may be expressed as hyperten- 
sion, reflex bradycardia, diaphoresis, and flushing of 
the face and skin above the level of the lesion. Inciting 
stimuli include genitourinary tract instrumentation 
(i.e., cystoscopy) or bladder distention and will abate 
once the stimulus is removed. Treatment is immediate 
removal of the inciting stimulus and alpha- or beta- 
adrenergic blockade. Oral nifedipine may be used for 
prophylaxis prior to instrumentation; alternatively, 
genitourinary tract interventions may be performed 
under spinal anesthesia in at-risk patients. 


Care of the spinal cord injury patient: Patients should 
follow up yearly for the first 10 years after injury. If 
stable and doing well, follow-up can be extended to 
once every 2 years. During follow-up visits, evalua- 
tion of upper and lower tract functions, urodynamics, 
and cystoscopy (if patient has an indwelling catheter) 
are recommended. At cystoscopy, the bladder should 
be evaluated for tumors or stones. Patients with spi- 
nal cord injury—particularly those with an indwelling 
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catheter, recurrent urinary tract infection, or bladder 
stones—are at increased risk for bladder cancer com- 
pared to the general population (squamous cell carci- 
noma) [1]. 


Bacteriuria, which is prevalent in spinal cord injury 
patients, should not be treated unless symptomatic. 
Prophylactic antibiotics should only be given to 
patients with recurrent urinary tract infections with- 
out a defined cause, particularly those with reflux or 
dilated upper tracts. 

In patients who develop vesicoureteral reflux, 

management should be directed at correcting the 
bladder dysfunction that led to the reflux rather 
than correcting the reflux itself. Treatments directed 
at decreasing intravesical pressure include anticho- 
linergic agents, sphincterotomy, and augmentation 
cystoplasty. 
Myelomeningocele: Findings in these patients include 
an areflexic bladder and an open bladder neck. The 
bladder fills until it reaches a point where it overcomes 
the fixed resting pressure of the external sphincter, at 
which point urine leakage occurs. 


Tabes dorsalis and pernicious anemia: Both of these 
disorders can lead to loss of bladder sensation and 
attendant large distended bladder. 


Poliomyelitis: This disorder can lead to impaired 
motor function with attendant detrusor areflexia and 
urinary retention. 


Herpesvirus: Herpes zoster virus may infect the sacral 
dorsal root ganglia leading to detrusor areflexia 
which may last 1-2 months. The dysfunction usually 
resolves spontaneously. Occasionally, detrusor over- 
activity and urinary incontinence may also be seen. 
With genital herpesvirus infection, urinary retention 
may develop within the first week after appearance of 
genital lesions. 


Pelvic surgery: This voiding dysfunction occurs most 
frequently after abdominoperineal resection, abdomi- 
nal hysterectomy, and proctocolectomy. The dysfunc- 
tion is characterized by impaired bladder contractility, 
poor bladder compliance, and residual fixed striated 
sphincter tone. Thus, they present with obstruction, 
incontinence, or both. Most patients will have spon- 
taneous improvement or resolution of their symptoms 
within 12 months and are therefore best managed 
with self-catheterization. 
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Management of neurogenic 
bladder disorders 


Some of the goals of treatment for neurogenic lower 
urinary tract disorders include preserving renal func- 
tion, avoiding urinary tract infections, facilitating 
low pressure urine storage and emptying, achieving 
continence, promoting independence in management 
of lower urinary tract function, and allowing for a 
socially acceptable function. In selecting the most 
appropriate treatment for a patient, several factors 
should be considered, including the patient’s ability 
to perform necessary tasks (e.g., manual dexterity 
and mental capacity), social/home support system, 
patient’s lifestyle (e.g., vocation and activity level), 
and patient’s personal desires (e.g., desire to use only 
reversible treatments and desire to be catheter free). 

For patients with bladder overactivity, behavioral 
modifications may be attempted, and if unsuccess- 
ful, pharmacologic management with anticholinergic 
medications is instituted. In patients who fail anti- 
cholinergic medications, intravesical botulinum toxin 
injection is an option. 

For patients with myelomeningocele who have 
an areflexic bladder with an open bladder neck, 
treatment involves increasing the resistance of the 
bladder outlet (e.g., sling or injection of urethral 
bulking agents) combined with clean intermittent 
catheterization. 

For patients with spinal cord injury where there 
is both a storage (detrusor overactivity and/or poor 
compliance) and an emptying (detrusor sphincter 
dysynergia) defect, management is usually two- 
fold: the most popular strategy involves decreasing 
detrusor pressure and/or overactivity with anti- 
cholinergic medication in addition to instituting 
clean intermittent catheterization to adequately 
empty the bladder. Alternatively, sphincterotomy or 
sphincteric botulinum toxin injection can be used 
to decrease sphincter tone, and then incontinence 
can be managed with collecting device such as con- 
dom catheter. 

Some recent management strategies for neurogenic 
lower urinary tract dysfunction have been described. 
Sacral deafferentation and anterior root stimulation 
have been reported to be associated with decreased 
incontinence and urinary tract infection [7]. 

Urinary diversion is a treatment of last resort which 
can be used to manage patients with neurogenic lower 


urinary tract dysfunction. Various types of diversion 
may be used, but again, consideration should be 
given to the above-described patient-specific factors; 
for example, if manual dexterity is limited, an ileal 
conduit may be more appropriate than a catheteriz- 
able pouch. 


WHAT TO AVOID 


e Avoid confusing pseudodyssynergia (voluntary con- 
traction of the striated sphincter to inhibit leakage 
during involuntary detrusor contraction) or striated 
sphincter bradykinesia (delayed or slow relaxation of 
sphincter at the beginning of voluntary void) with true 
dyssynergia on urodynamics. 

e Avoid immediate surgical or irreversible intervention 
in patients with voiding dysfunction after radical pel- 
vic surgery, as most patients will have spontaneous 
improvement or resolution of their symptoms within 
12 months; they may be managed with self-catheter- 
ization. 

e In managing patients with neurogenic voiding dys- 
function, avoid prescribing managements that in- 
volve tasks that will be challenging or impossible for 


the patient to perform; it is critical to assess manual 
dexterity, mental capacity, and support systems in 
place for the patient before constructing a manage- 
ment plan. 

e Avoid treating asymptomatic bacteriuria in patients 
managed with long-term catheterization. 


KEY WEB LINK 


American Urological Association (AUA)/Society of 
Urodynamics, Female Pelvic Medicine & Urogenital 
Reconstruction (SUFU) Guideline (2012) 
http://www.auanet.org/content/media/adult_urodynamics_ 
guideline.pdf. 


Multiple choice questions 


1 A 35-year-old man sustains complete transection of 
T8 spinal cord level during a motor vehicle collision. 
Six months after the injury, the most likely finding on 
urodynamic testing is 

a Detrusor areflexia 

b Striated sphincter dyssynergy 
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c Smooth sphincter dyssynergy 
d Low voiding pressure 


2 All of the following findings may be seen after cer- 
ebrovascular accident except: 

a Detrusor overactivity 

b Pseudodyssynergy 

c Smooth sphincter dyssynergy 

d Detrusor areflexia 
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Answers to multiple choice questions 


1 b Spinal shock and associated detrusor areflexia 
in most cases are resolved by 6-12 weeks. Patients 
with complete spinal cord transection between 
T6 and S2 usually have smooth sphincter synergy, 
but striated sphincter dyssynergy and high voiding 
pressure. 

2 c After cerebrovascular accident, both the smooth 
and striated sphincters are usually synergic. 
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KEY POINTS 


e The Q-tip test may be used to evaluate for urethral 
hypermobility. It involves placing a Q-tip in the urethra 
and measuring the angle of deflection as the patient 
performs a Valsalva maneuver; an angle more than 

30 degrees is consistent with hypermobility. 

Occult stress incontinence is stress incontinence 
masked by obstruction or kinking of the urethra by 
severe pelvic organ prolapse. It may be unmasked if 
the patient is asked to perform a Valsalva maneuver 
after the anterior vaginal wall is supported with a half 
speculum. 


e In developed countries, the most common etiology for 

a vesicovaginal fistula (VVF) is iatrogenic bladder injury 

during pelvic surgery; in developing countries, the most 

common etiology is obstetric complication, particularly 

obstructed labor. 

In contrast to a post pelvic surgery, a VVF due to 

obstructed labor tends to be larger, more distal in the 

vagina, and involves a larger area of bladder and proximal 

urethra. 

e The classic presenting signs of a urethral diverticulum are 
the “3 Ds”: dysuria, dyspareunia, and dribbling. 


CASE STUDY 1 


The patient is a 73-year-old gravida 2, para 2 with a his- 
tory of fecal soiling, urinary incontinence, and vaginal 
bulge. Urine leakage was with exertion and urge, and she 
reported a visible and palpable protrusion from the vagina 
with exertion. She required splinting (digital manipulation 
of the rectum) for defecation and noted discomfort with 
intercourse. Past medical history was notable for hyperlipi- 
demia, hypertension, obstructive sleep apnea, and chronic 
low back pain. She had undergone prior hysterectomy as 
well as anterior and posterior colporrhaphy 1 year prior. 
She was moderately active, married, and never smoked. 
On physical examination, external genitalia and urethral 
meatus were normal and the bladder was nonpalpable. 
On pelvic examination, cervix and uterus were absent, 


and POPQ score was as following: Ba: 0, Bp: -1, C: -2, 
D: -2, TVL: +9. Urinalysis was within normal limits. She 
was diagnosed with stress incontinence, urge incontinence, 
POP, and defecatory dysfunction. She underwent an un- 
complicated robotic-assisted laparoscopic abdominal sa- 
cral colpopexy, midurethral sling, and resection rectopexy. 
Postoperatively, she continued to have urgency with oc- 
casional episodes of urge incontinence. She denied sen- 
sation of incomplete bladder emptying, and was practicing 
timed voiding every 4 hours. Stress incontinence and va- 
ginal bulge were resolved. An anticholinergic medication 
was started, and sacral neuromodulation was discussed as 
a second line management strategy if she failed anticholin- 
ergic therapy. 
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CASE STUDY 2 


The patient is a 20-year-old gravida 0, para 0 who pre- 
sented with an enlarging anterior vaginal wall mass. She 
first noted this mass ~5-6 years prior, and it gradually en- 
larged over time. She admitted to dyspareunia, dribbling, 
discharge, and spraying of urinary stream, but denied dysu- 
ria. She had no past medical or surgical history. Physical 
examination was notable for a protuberant, ~1 cm, mass of 


the anterior vaginal wall, just proximal to the urethral mea- 
tus. There was no discharge on palpation, but the mass was 
tender. She underwent MRI of the pelvis, which showed 
this high signal intensity mass on T2 images originating 
from the urethra, thought to be consistent with a urethral 
diverticulum. She underwent an uncomplicated urethral di- 
verticulectomy with an unremarkable postoperative course. 


Classification of urinary incontinence 


Urinary incontinence is the involuntary loss of urine 
severe enough to pose a social or hygienic problem 
[1]. There are three primary types of incontinence. 
Stress incontinence is the involuntary leakage of urine 
with exertion or abdominal pressure; it may be pre- 
cipitated by activities such as coughing or sneezing. 
Urodynamic stress incontinence refers to the leak- 
age of urine in the absence of detrusor contraction 
but synchronous with increased abdominal pressure. 
Urgency incontinence refers to involuntary urine 
loss subsequent to strong desire to void or urgency. 
Urodynamic testing will reveal involuntary detru- 
sor contraction with urine leakage. Mixed urinary 
incontinence refers to the presence of both stress 
incontinence and urgency incontinence. Two other, 
less common types of incontinence include continu- 
ous incontinence (continuous leakage of urine caused 
by anatomic disruption of the lower urinary tract, 
such as by a fistula or ectopic ureter) and overflow 
incontinence (urine leakage in the setting of urinary 
retention). 

There are several other related diagnoses. Overac- 
tive bladder refers to urgency with or without urgency 
incontinence, frequency, and nocturia. The minimal 
necessary symptom for diagnosis of overactive blad- 
der is urgency. Mixed urinary symptoms refer to the 
presence of both stress incontinence and symptoms of 
overactive bladder without urgency incontinence. Situ- 
ational urinary incontinence is associated with specific 
situations, including sexual intercourse or laughing. 


Evaluation 


A thorough history of the present illness should be 
obtained as to whether the incontinence is associ- 
ated with urge, exertion, or both. The severity of the 


incontinence should be ascertained using number of 
pads used daily, with or without formal pad weight 
testing to estimate the volume of leakage. The pres- 
ence of other associated voiding complaints should 
be determined (e.g., incomplete emptying, frequency, 
nocturia, weak stream) and the voiding pattern 
should be recorded on a voiding diary. Complete past 
medical and surgical history should be obtained, with 
particular interest in history of neurologic disorders, 
obstetric history, and prior pelvic surgery or genito- 
urinary tract procedures. Medication use should be 
assessed, specifically querying for diuretics and adr- 
energic antagonists. The effect of the incontinence 
on quality of life should be assessed. Questionnaires 
such as Incontinence Impact Questionnaire (IIQ) and 
Urogenital Distress Inventory-6 short form (UDI-6) 
are useful. 

A general physical examination including a general 
assessment for performance status and debilitation, 
an abdominal examination, and a neurologic exam- 
ination should be performed. Pelvic examination 
includes assessment of: (1) the external genitalia; 
(2) the urethral meatus for location, lesions, prolapse, 
and hypermobility; (3) the vagina for lesions, pro- 
lapse, and occult stress incontinence, which can be 
unmasked if the patient is asked to strain while sup- 
porting the anterior vaginal wall with a half specu- 
lum; (4) the cervix and uterus for size, position, ten- 
derness, and mobility; (5) the adnexa for masses or 
tenderness; and (6) the rectum for tone and masses. 

The Q-tip test involves placing a Q-tip in the urethra 
and measuring the angle of deflection as the patient 
performs a Valsalva maneuver. An angle >30 degrees 
is consistent with hypermobility. 

Urinalysis and ascertainment of post void residual 
are indicated. Routine performance of cystoscopy is 
not absolutely indicated in all cases, but is often indi- 
cated in patients with hematuria, storage symptoms, 


117 


SECTION 5 URINE STORAGE AND EMPTYING 


or complex histories, such as pelvic radiation, prior 
prolapse, or previous incontinence surgery [1]. Like- 
wise, routine urodynamics is not recommended, but is 
indicated in patients with neurologic disease, obstruc- 
tive voiding symptoms, mixed incontinence, or failed 
prior pelvic floor surgery [1]. 


Management 


First line management of women with stress or mixed 
incontinence is pelvic floor muscle training [2]. For 
patients who fail this initial step, midurethral sling 
surgery may be offered. Autologous rectus fascial 
sling and open colposuspension are alternatives to 
midurethral sling [2]. 

First line treatment for women with urge or mixed 
incontinence is bladder training [2]. If bladder train- 
ing is ineffective, anticholinergic medication should 
be offered. For patients who fail these initial man- 
agement steps, sacral nerve stimulation may be per- 
formed. Intravesical botulinum toxin injection is also 
an alternative. 


Pelvic floor anatomy and support 
Bony structures 


The pelvis is made up of pubis, ischium, ilium, and 
sacrum. 


Musculature 


The levator ani muscles are made up of three compo- 
nents: (1) the puborectalis and pubourethralis mus- 
cles which run from the pubis and wrap around the 
rectum and urethra in a U shape, (2) the pubococ- 
cygeus which runs from pubis to coccyx, and (3) the 
iliococcygeus which runs from arcus tendineus leva- 
tor ani to the coccyx. The opening in the levator ani 
through which the urethra and vagina run is called 
the urogenital hiatus. Innervation to the levator ani, 
striated urethral sphincter, and striated anal sphincter 
comes from pudendal nerve. 


Fascia and ligaments 


The arcus tendineus fascia pelvis (ATFP) is a fibrous 
fascial band that runs from pubis to ischial spine 
bilaterally. 
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Arcus tendineus levator ani is a fibrous part of the 
obturator fascia that runs from the pubis to the ischial 
spine. Its origin on the pubis is lateral to that of ATFP, 
and it forms the origin of part of the levator ani mus- 
culature. 


Pubourethral ligament attach the anterior midure- 
thra to the pubic bone. 


Sacrospinous ligament runs from ischial spine to 
the sacrum. 


Uterosacral ligaments attach the cervix to sacral 
segments $2-S4. 


Cardinal ligaments attach the cervix to the pelvic 
sidewall. 


The endopelvic fascia is the superior fascial cover- 
ing of the levator ani muscle while the pubocervical 
fascia is the inferior fascial covering for the levator 
ani. Pubocervical fascia attaches the vagina and cer- 
vix to the ATFP and also runs in the space between the 
vagina and bladder. Pubocervical fascia and endopel- 
vic fascia both fuse at the ATFP. 

Perineal body is a condensation of fibrous tissue in the 
midline of the perineum between the vagina and anus. 


Pelvic organ prolapse 


Pelvic organ prolapse (POP) is the descent of pel- 
vic organs (bladder, rectum, or uterus) resulting in 
an external bulge of the vaginal wall. A cystocele 
(anterior vaginal wall prolapse) may be associated 
with incompetent urethral sphincter in some patients. 
It is also possible for a cystocele to mask underlying 
stress incontinence by kinking the urethra—this con- 
dition is called occult or latent stress incontinence 
and usually becomes evident only once the prolapse is 
treated. A rectocele (posterior vaginal wall prolapse) 
may lead to fecal impaction and need for manual 
reduction of the prolapse (i.e., by placing the fingers 
in the vaginal vault and pressing against the prolapse) 
in order to defecate. There is also increased preva- 
lence of fecal incontinence in patients with POP. 

Anterior compartment prolapse is most common, 
while apical prolapse is least common. 

Risk factors for POP include older age, history of 
hysterectomy, prior pelvic surgery, increased parity, 
Hispanic or Caucasian race, smoking, estrogen defi- 
ciency, and genetic predisposition. 


Evaluation 


The pelvic examination should be performed both in 
lithotomy and in standing position (with one foot on 
a stool and legs apart). The pelvic floor is assessed for 
sensation and motor strength by placing a finger in 
the vagina and asking the patient to contract pelvic 
floor muscles. Retracting the posterior vaginal wall 
with half of a Graves speculum facilitates evaluation 
of the anterior compartment support. Likewise, the 
anterior vaginal wall can be retracted during evalua- 
tion of the posterior compartment, and both anterior 
and posterior compartments can be retracted with 
two half speculums to facilitate evaluation of the api- 
cal compartment. 

POP is characterized using the pelvic organ pro- 
lapse quantification (POPQ). This scoring system 
measures the location of six vaginal points during 
Valsalva with reference to the hymen. Vaginal points 
are measured in centimeters above (negative value) 
or below (positive value) the hymen. Stage 0 denotes 
absence of prolapse. Stage I denotes a leading edge 
of the prolapse that is more than 1 cm above the 
hymen. Stage II denotes a leading edge of the pro- 
lapse that is within 1 cm above or below the hymen. 
Stage III denotes a leading edge that is more than 
1 cm below the hymen but less than TVL-2 (total 
vaginal length minus 2 cm) below the hymen. Stage 
IV denotes a leading edge that is more than TVL-2 
below the hymen [1]. The genital hiatus (gh), per- 
ineal body (pb), and total vaginal length (TVL) are 
also measured as part of the POPQ score. The per- 
ineal body measures the distance between the vagina 
and the rectum, while the genital hiatus is the size 
of the vaginal opening. The TVL is measured after 
reducing the prolapse. 

The bulbocavernosus reflex, which reflects the func- 
tion of the sacral nerve roots $2, $3, and S4, can be 
tested by squeezing the clitoris and observing for anal 
and pelvic floor contraction. This reflex is present in 
70% of females. 


Management 


Initial management of POP can focus on lifestyle 
modifications (weight loss and smoking cessation), 
pelvic floor muscle training, and vaginal pessary 
[3]. Alternatively, a multitude of surgical techniques 
have been described. In a recent Cochrane review 
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[4], native tissue repair of anterior compartment 
defect was associated with more failures than poly- 
propylene mesh overlay and transobturator armed 
mesh. However, there was no difference in subjec- 
tive symptoms and, in those treated with mesh, there 
was a 10% prevalence of mesh exposure. A prior 
review reported that abdominal sacral colpopexy 
was superior to vaginal sacrospinous colpopexy 
with regard to recurrence for management of vault 
prolapse [5]. Posterior wall defects may be man- 
aged transvaginally or transanally. Posterior colpor- 
rhaphy, which is a transvaginal plication of the rec- 
tovaginal tissue, may be performed with or without 
graft interposition. Transvaginal repair of rectoceles 
has been associated with lower recurrence rates than 
transanal repair [5]. Vaginal mesh kits and laparo- 
scopic/robotic rectopexy are also being used for pos- 
terior compartment defects. 


Urinary tract fistulae 


Fistulae are anomalous communications between 
two or more body cavities or between a body cavity 
and the skin. The underlying etiology may be inflam- 
matory, infectious, malignant, traumatic/iatrogenic, 
ischemic, congenital, or radiation associated. 


Vesicovaginal fistulae 


A special case of a fistula that occurs in women is 
vesicovaginal fistulae (VVF). In developed countries, 
the most common etiology for a VVF is bladder 
injury during pelvic surgery, particularly abdominal 
hysterectomy, with the fistula occurring at the vagi- 
nal cuff. Other risk factors include prior pelvic radia- 
tion, cesarean section, and cervical conization [1]. In 
developing countries, the most common etiology is 
obstetric complication, particularly obstructed labor. 
A VVF due to obstructed labor tends to be larger and 
more distal in the vagina than VVF associated with 
other etiologies. 


Evaluation 


The most consistent symptom in patients with VVF 
is constant urine leakage per vagina. Patients with 
large fistulae may report absence of discrete voids, 
with urine drained entirely through the fistula. 
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Alternatively, there may be pooling of urine in the 
vagina upon standing. Other presenting complaints 
include recurrent urinary tract infections, skin break- 
down, or pelvic pain. 

The cornerstone of the VVF evaluation is a com- 
plete physical examination, including thorough spec- 
ulum pelvic examination. The size, location, number 
of fistulae, vaginal dimensions, and presence of pelvic 
masses should be noted. Urine culture, and cytology 
as indicated, should be obtained. Cystoscopy is use- 
ful in determining the location of the VVF relative 
to the ureteral orifices. While VVF can be visualized 
cystoscopically, early on it may appear as a nonspe- 
cific bullous edema. Even mature fistula tracts may 
be challenging to identify due to adjacent pits; in 
such circumstances, a guidewire can be used to gently 
probe the different pits, and passage of the guidewire 
into the vagina confirms the exact location of the fis- 
tula tract [1]. If there is suspicion of malignancy or a 
prior history of malignancy, the fistula tract should 
be biopsied. 

A dye test can confirm the diagnosis of VVF: after 
packing the vagina with clean sponges, instillation 
of methylene blue or indigo carmine into the bladder 
via a urethral Foley will often stain the vaginal pack- 
ing blue. A “double dye test” may be also be used 
to evaluate for concomitant ureteral fistulae. In the 
double dye test, oral phenazopyridine is given and 
blue dye is instilled into the bladder. If the vaginal 
packing stains orange, this is suggestive of ureter- 
ovaginal fistula, but if it stains blue then it is suggest- 
ive of VVF. 

A cystogram may also be performed. A lateral 
view should be obtained, as there is less superim- 
position of vagina on bladder, and thus a higher 
probability of demonstrating the fistula [1]. A void- 
ing cystourethrogram may also be considered as the 
increased intravesical pressure on voiding may be 
necessary to force urine out of the fistula and into 
the vagina. 

An upper tract study such as computed tomogra- 
phy (CT) urography is indicated in the evaluation 
of patients with VVF as a substantial proportion 
of these patients have an associated ureteral injury. 
If the distal ureter is not well visualized on CT 
urography, or there is high suspicion for a uret- 
erovaginal fistula, retrograde pyelogram should be 
performed. 
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Management 


A VVF may be managed conservatively with urethral 
catheter drainage for 3 weeks if it is new in onset and 
the tract is relatively small (<3 mm) and immature. 
For a small (<3 mm) but epithelialized VVE, consider- 
ation may be given to endoscopic fulguration of the 
tract, followed by bladder drainage for 3 weeks. It 
should be noted that fulguration of a fistula tract is 
associated with the risk of increasing the size of the 
tract and/or devitalizing adjacent tissue that could 
otherwise be used for a formal repair [1]. 

For patients who fail initial conservative man- 
agement, timing of formal fistula repair depends on 
the etiology. It is generally accepted that repair of a 
VVF due to obstructed labor or radiation should be 
delayed for roughly 6 months to allow demarcation 
of ischemic tissue. For other uncomplicated VVF, 
immediate repair is appropriate. 

VVF may be repaired transvaginally or transab- 
dominally. The advantages of the transvaginal 
approach include decreased blood loss, shorter post- 
operative recovery, availability of adjacent local tissue 
flaps (peritoneal and martius flaps), and avoidance 
of adhesions in patients with prior multiple abdomi- 
nal surgeries. The advantages of the transabdominal 
approach include better exposure of the surgical field 
in nulliparous patients with fistulae located high rela- 
tive to the cuff, the ability to perform simultaneous 
transabdominal procedures as indicated, and the 
availability of rectus and peritoneal flaps. Regard- 
less of the choice of surgical approach, the principles 
of fistula repair include nonoverlapping suture lines, 
multiple-layered tension-free closure, and postopera- 
tive bladder drainage. 


Urethral diverticulum 


Most urethral diverticula (UD) are acquired, and 
likely originate in the periurethral glands. Accord- 
ingly, most UD have an ostium located in the poste- 
rolateral part of the distal two-thirds of the urethra, 
which is where the ostium of most periurethral glands 
are also located. It is possible that infection of these 
periurethral glands, with obstruction and then rup- 
ture into the urethral lumen is the underlying mecha- 
nism for UD formation [1]. 


The classic presenting signs of UD have been 
described as the “3Ds”: dysuria, dyspareunia, and 
dribbling. However, not all patients have these symp- 
toms and some may be completely asymptomatic. 
Other presenting signs and symptoms include recur- 
rent urinary tract infection, frequency, urgency, 
perineal pain, vaginal discharge, vaginal mass, and 
obstructive voiding symptoms. The differential diag- 
nosis includes Skene’s gland cyst, Gartner’s duct 
abnormalities, urethral prolapse, urethral caruncle, 
vulvodynia, interstitial cystitis, and endometriosis. 


Evaluation 


In evaluating patients for UD, the physical examin- 
ation should include: assessment of the size, location 
and number of any anterior vaginal masses; tender- 
ness to palpation; and discharge from urethra upon 
“milking” the mass. A thorough pelvic examination 
should be performed including assessment for vaginal 
atrophy, stress incontinence, and POP. In cases where 
there is suspicion for associated malignancy, urine 
cytology should be performed. Urine analysis, urine 
culture, and cystoscopy are indicated to rule out 
underlying infection, as well as other lower urinary 
tract abnormalities. It may be possible to visualize the 
ostium of the UD on cystoscopy, and it is often located 
posterolaterally at the midurethra. Urodynamics may 
be performed in patients with associated significant 
voiding dysfunction or incontinence. 

Imaging studies useful in confirming the diagnosis 
of UD are positive-pressure double-balloon urethrog- 
raphy, voiding cystourethrography (VCUG), and pelvic 
magnetic resonance imaging (MRI). In double-balloon 
positive-pressure urethrography, a catheter with two 
balloons and an infusing port located between the two 
balloons is placed in the urethra. One balloon is inflated 
at the bladder neck and the other is inflated just proxi- 
mal to the urethral meatus. Contrast material is then 
injected through the infusing port to distend the ure- 
thra. Under this positive pressure, the UD fills with con- 
trast and can be visualized radiographically. A VCUG is 
more widely available, but may be limited if the patient 
is unable to void and generate an adequate flow rate to 
fill the UD [1]. A pelvic MRI is an excellent technique 
for demonstrating UD; on T2 images, the UD is seen as 
a high-intensity signal while on T1 images, it has low 
signal intensity. 
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Management 


Repair of UD is frequently accomplished through an 
inverted U incision on the anterior vaginal wall after 
placing a urethral catheter into the bladder. The incision 
is deepened to the space between the periurethral fas- 
cia and the anterior vaginal wall. A transverse incision 
is made on the periurethral fascia, exposing the diver- 
ticulum. The UD is then dissected free and completely 
excised at its ostium. The urethra and periurethral fas- 
cia are closed with absorbable suture with the suture 
lines for the two layers perpendicular to each other. 

In patients in whom the periurethral fascia is not 
robust, or the risk of urethrovaginal fistula is deemed 
to be high, a martius flap may be laid over the periure- 
thral fascia before closing the vaginal incision. A peri- 
catheter VCUG is performed 2-3 weeks postopera- 
tively and the catheter removed if no extravasation is 
demonstrated. Potential postoperative complications 
of urethral diverticulectomy are urethrovaginal fistula, 
stress incontinence, urethral stricture, and recurrence 
of UD. Malignancies may be detected on pathologic 
evaluation of urethral diverticulectomy specimens. 
Most commonly, adenocarcinoma is found, although 
transitional cell carcinoma and squamous cell carci- 
noma may also be found. 


WHAT TO AVOID 


e In repair of VVF, avoid overlapping suture lines; other 
principles of proper fistula repair include multiple- 
layered closure, tension-free closure, and postopera- 
tive bladder drainage. 

e In evaluating patients with POP, avoid performing 

pelvic examination only in lithotomy as some defects 

may be demonstrated only when the patient is upright. 

Examine patients both in lithotomy and in standing 

position with one foot on a stool and legs apart. 

In evaluating patients with VVF, avoid missing an up- 

per tract fistula; perform an upper tract study such as 

CT urography because a significant number of these 

patients have an associated ureteral injury. 


KEY WEB LINK 


American Urological Association (AUA)/Society Of 
Urodynamics, Female Pelvic Medicine & Urogenital 
Reconstruction (SUFU) Guideline (2012) 
http://www.auanet.org/content/media/adult_urodynamics_ 
guideline. pdf 
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SECTION 5 URINE STORAGE AND EMPTYING 


Multiple choice questions 


1 A 55-year-old woman complains of large vol- 
ume continuous leakage of clear fluid from the 
vagina 6 days after abdominal hysterectomy. The 
next step is: 

a Reassurance that this is normal 

b CT of the abdomen and pelvis 

c Pelvic examination and double dye test 

d Immediate abdominal exploration 
2 A 30-year-old female presents with a painful en- 
larging anterior vaginal mass which she first noted 
2 months ago. The mass is associated with dys- 
pareunia and post void dribbling. The least useful 
diagnostic tool of the following is: 

a Positive-pressure urethrography 

b Pelvic MRI 

c CT of the pelvis 

d Voiding cystourethrography 
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Answers to multiple choice questions 


1 c The presentation is concerning for post hyster- 
ectomy urovaginal fistula. There is not enough infor- 
mation to determine if it is a VVF or ureterovaginal 
fistula. The diagnosis first needs to be made. Thus, the 
next most appropriate step is to perform the dye test. 
While a small amount of postoperative fluid leakage 
may occur initially after hysterectomy, persistent large 
volume leakage should prompt further investigation. 
Abdominal CT is unlikely to make the diagnosis with- 
out a cystogram/urogram component. 

2 c The patient most likely has a urethral divertic- 
ulum. All the options listed except CT are useful in 
diagnosing urethral diverticulum. 
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KEY POINTS 


The typical presentation of interstitial cystitis (IC) is a 
chronic pelvic pain perceived by the patient to originate 
in the bladder, exacerbated by bladder filling, and 
associated with urinary urgency and/or frequency. 

The classic findings of IC after cystoscopy and distention 
are glomerulations and/or Hunner’s ulcers. 

Pathogenesis of IC is likely related to increased epithelial 
permeability, histamine release by mast cells, inhibition of 
bladder epithelial proliferation by antiproliferative factor 
(APF), and neurogenic inflammation. 


e Oral therapies include pentosan polysulfate, amitriptyline, 
antihistamines, and analgesics. Intravesical therapies 
include hydrodistention, dimethyl sulfoxide (DMSO), and 
glycosaminoglycan instillations. 

e Urinary diversion, with or without simple cystectomy, 
is a treatment of last resort which has fallen out of 
favor in recent years. Patients should be thoroughly 
counseled before undergoing an irreversible surgical 
procedure. 


CASE STUDY 


The patient is a 53-year-old female with a history of de- 
pression and dyspareunia who presented with complaint 
of significant urgency, frequency (four times per hour), 
nocturia (more than five times per night), and suprapubic 
pain (8/10). She could not identify exacerbating factors, 
but reported relief with wearing an analgesic patch. She 
denies incontinence related to the urge or otherwise. Bowel 
habits are normal with bowel movements daily or every 
other day. 

The past medical history included congenital hip dyspla- 
sia, head injury after being hit by a car at age four, bilateral 
foot neuromas, insomnia, anxiety, depression, and chronic 
lower back pain. She was status post-neuroma surgeries, 
breast augmentation, liposuction, and excision of benign 
breast cyst. Medications included Valium, Lexapro, and 
Ambien. Physical and vaginal examinations were unre- 
markable. Urinalysis was within normal limits and urine 
culture which was sent returned negative. She was given a 
voiding diary and a brochure on dietary suggestions for IC. 


During her return visit, she reported no improvement on 
the IC diet, which she found restrictive. The voiding diary 
did reflect her previously reported voiding complaints, with 
maximum voided volume of 8 ounces and interval between 
voids ranging from 15 minutes to 3 hours. She was referred 
to physical therapy where she was noted to have hypertonic- 
ity of the pelvic floor muscles and tenderness of levator ani. 
She underwent massage therapy, training in relaxation tech- 
niques, and biofeedback. She did have some improvement 
in her frequency and pain (down to 4/10 at baseline), but 
still had significant bother and unacceptable quality of life. 
She was started on pentosan polysulfate, but complained 
of significant diarrhea and vomiting so the medication was 
stopped. Gabapentin was started and she actually noted 
marked improvement of her pain. However, she felt that 
her quality of life was still not satisfactory. Gabapentin was 
continued and weekly intravesical instillation of pentosan 
polysulfate was started. With this regimen and continued 
physical therapy, the patient is functioning satisfactorily. 
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SECTION 5 URINE STORAGE AND EMPTYING 


Clinical presentation 


Interstitial cystitis (IC) presents with chronic pelvic 
pain, urgency, and frequency exacerbated by bladder 
filling [1]. IC is a diagnosis of exclusion, which means 
that these symptoms cannot be attributed definitively 
to urinary infection, radiation cystitis, urinary calculi, 
malignancy, or other diagnoses. Urgency in IC is dif- 
ferent from urgency in overactive bladder because 
patients with overactive bladder often report the 
sudden desire to pass urine in order to avoid inconti- 
nence, while patients with IC report the desire to pass 
urine in order to relieve bladder pressure/discomfort. 

The National Institute of Diabetes and Digestive 
and Kidney Disease (NIDDK) diagnostic criteria for 
IC [2] is restrictive and often used for research pur- 
pose but not for clinical diagnosis as many patients 
with IC do not meet the NIDDK criteria. 

IC has a much higher prevalence in women, with 
a male to female ratio 1:5. Median age of onset is 
40 years, but men tend to be diagnosed at an older 
age. Up to half of IC patients can experience tempor- 
ary spontaneous remission [1]. Symptoms fluctuate 
over time but generally progress with older age. IC is 
associated with a number of other diagnoses including 
depression, allergies, fibromyalgia, chronic fatigue syn- 
drome, vulvar vestibulitis, irritable bowel syndrome, 
inflammatory bowel disease, and Sjogren’s syndrome. 


Etiology 


Several etiological models have been proposed, the 
most prominent and well documented of which is 
increased permeability at the bladder epithelial surface. 
This model posits that caustic urinary solutes (pri- 
marily potassium) diffuse through the leaky epithelium 
and into the bladder interstitium, in the process injur- 
ing tissue, stimulating sensory nerves, and generating 
symptoms. Mast cells also likely play a role in patho- 
genesis by producing histamine, which can cause pain, 
hyperemia, and fibrosis. It has also been suggested that 
IC may result from inhibition of bladder epithelial pro- 
liferation by antiproliferative factor (APF). APF sup- 
presses production of growth factors, including hepa- 
rin-binding epidermal growth factor-like growth factor. 
Activation of sensory pain fibers may lead to neuro- 
pathic inflammation; the resulting neuropathic pain 
can persist after the resolution of tissue damage [1]. 
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Twin studies which showed greater concordance of IC 
in monozygotic twins than dizygotic twins suggest a 
contribution of genetics to susceptibility to IC [3]. 


Diagnosis 


The differential diagnosis of IC includes tubercu- 
lous cystitis, carcinoma in situ, bladder cancer, and 
eosinophilic cystitis. Evaluation of patients with IC 
should include history, physical examination (includ- 
ing vaginal examination in females and digital rectal 
examination in males), urinalysis, urine culture, urine 
cytology (in high-risk patients or those with microhe- 
maturia), and voiding diary (including frequency and 
volume of voids). 

A number of questionnaires and symptom indices have 
been developed to quantify symptoms in IC patients. 
The O’Leary-Sant Indices, composed of the IC symp- 
tom index and problem index measure pain and urinary 
symptoms and the degree of bother these symptoms 
cause to patients [4]. It has been shown to be useful in 
discriminating between IC patients and controls. Other 
instruments developed for use in IC include the Univer- 
sity of Wisconsin symptom instrument and Pelvic Pain 
and Urgency/Frequency Patient Symptom Scale (PUF). 

Cystoscopy with or without hydrodistention under 
anesthesia and bladder biopsy are performed at the dis- 
cretion of the physician. Cystoscopic findings include 
Hunner’s ulcers (erythematous patches of epithelium 
similar in appearance to carcinoma in situ) and dif- 
fuse glomerulations (prominent microvascular patterns 
in the bladder wall that become visible with bladder 
filling) [1]. Urodynamic studies are also optional, but 
when performed, may show decreased bladder capac- 
ity, pain on bladder filling, and normal compliance. 

Pathological findings in bladder biopsy specimens 
of patients with IC are highly variable. They may be 
completely normal or demonstrate mastocytosis, sub- 
mucosal inflammation, denuded epithelium, and/or 
epithelial ulceration. 


Management 


An initial course of antibiotic therapy is reasonable in 
patients who have not had such a trial, but repeated 
courses of antibiotics in the absence of documented 
infection should not be pursued. 


CHAPTER 15 INTERSTITIAL CYSTITIS AND CHRONIC PELVIC PAIN 


Conservative strategies that may be useful include 
biofeedback, massage, and stress reduction exercises. 
Patients often note that certain foods, such as caffeine, 
alcohol, cranberry juice, citrus fruits, and spicy foods 
lead to exacerbation of their symptoms. Restricting the 
implicated foods from the diet may be worthwhile. 

Different classes of medications have been used to 
manage IC. Pentosan polysulfate (trade name Elmi- 
ron), a heparin analogue which can work by repairing 
the defective glycosaminoglycan layer of the bladder, 
has demonstrated in clinical trials and meta-analysis 
of clinical trials to be highly efficacious in the treat- 
ment of IC. The usual dosage is 100 mg orally three 
times a day, but it can take up to 6 months of treat- 
ment before a therapeutic effect is seen. 

Antihistamines including cimetidine and hydrox- 
yzine, which can block neuronal activation of mast 
cells, is also efficacious [1]. The usual dose is 25 mg 
orally in the morning then 50 mg orally at bedtime. 

Tricyclic antidepressants, particularly amitripty- 
line, are commonly used. The mechanism of action 
includes anticholinergic activity, antihistaminic activ- 
ity, and serotonin and norepinephrine reuptake inhi- 
bition. The usual dose is 25-75 mg orally at bedtime, 
but the drug often needs to be titrated slowly to that 
dose over the course of several weeks. 

Immunosuppresive drugs such as cyclosporine, aza- 
thioprine, and chloroquine derivatives have also been 
used for treatment of IC but are not routinely recom- 
mended as first-line oral therapy. 

Acetaminophen, nonsteroidal anti-inflammatory 
agents, gabapentin, pregabalin, and opioid analgesics 
may be used cautiously, but are generally not as effec- 
tive as pentosan polysulfate, antihistamines, or ami- 
triptyline. Patients with refractory pain may warrant 
consultation with a chronic pain specialist. 

Intravesically instilled glycosaminoglycans, which 
function by creating a permeability barrier in the 
bladder epithelium, have been used with some ben- 
efit in the treatment of IC, particularly when used 
in combination with lidocaine. Parsons and col- 
leagues reported positive effect when heparin was 
used at a dose of 10,000 international units mixed in 
10 mL sterile water and instilled intravesically three 
times a week [5]. The usual duration of instillation 
is 30-60 minutes. Pentosan polysulfate may also be 
administered intravesically at a dose of 300 mg in 
50 mL of normal saline, twice a week. Hyaluronic 
acid at a dose of 40 mg in 40 mL of normal saline 


instilled intravesically once a week has been reported 
to be beneficial as well [6]. 

Intravesically instilled 50 cc of 50% dimethyl sul- 
foxide (DMSO) for 15 minutes has anti-inflammatory, 
analgesic, and muscle relaxant properties. It is also 
felt to modulate histamine release and desensitize 
nociceptive pathways [1]. The treatment has been 
shown to be beneficial, but often has to be repeated 
every couple of weeks. 

Use of neuromodulation in treating IC has been 
reported, but this therapy appears to be most appro- 
priate for patients with associated urgency, frequency, 
and pelvic floor dysfunction. Intradetrusor injection 
of botulinum toxin A is considered an investigational 
treatment for IC. 

Hydrodistention, while a diagnostic tool, also pro- 
vides symptomatic improvement to some patients. 
Under anesthesia, the bladder is distended to 80 cm 
H2O for 8 minutes. Prolonged distention has no 
therapeutic benefit over distention for a few minutes 
and is not recommended. Transurethral fulguration 
of Hunner’s ulcers may provide symptomatic relief to 
some patients with IC. 

Major surgery—including urinary diversion with 
or without simple cystectomy and substitution cysto- 
plasty—in carefully selected patients for whom all ther- 
apies have failed can potentially provide relief from uri- 
nary frequency, but may not alleviate the symptom of 
pain. It is important to thoroughly counsel the patient 
before undertaking an irreversible surgical procedure. 


WHAT TO AVOID 


1 Interstitial cystitis (IC) is a diagnosis of exclusion. In 
patients with the typical symptoms, avoid missing iden- 
tifiable causes such as infection, malignancy, calculi, and 
other diagnoses. 

2 For therapeutic hydrodistention, avoid distending the 
bladder for hours as this has no therapeutic benefit; dis- 
tention to 80 cm H,O for 8 minutes is sufficient. 

3 Reserve major surgery (i.e., urinary diversion with or 
without simple cystectomy and substitution cystoplasty) 
only for those patients who have failed all other therapies. 


KEY WEB LINK 


AUA Clinical practice guideline for interstitial 
cystitis (IC)/bladder pain syndrome 
http://www.auanet.org/content/clinical-practice- 
guidelines/clinical-guidelines.cfm 
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SECTION 5 URINE STORAGE AND EMPTYING 


Multiple choice questions 


1 A 45-year-old female presents with a 6-month his- 
tory of suprapubic pain which she feels is from her 
bladder and is worse with a full bladder. She also 
complains of urinary urgency and has a past medi- 
cal history of vulvar vestibulitis. Initial evaluation in- 
cludes all of the following except: 

a Voiding diary 

b Urinalysis and urine culture 

c Urodynamic testing 

d Physical exam including vaginal speculum 

exam 


2 A 50-year-old female with history of fibromyalgia 
presents with chronic pelvic pain, urgency, and fre- 
quency exacerbated by bladder filling. She has had 
one empiric course of antibiotics. Urinalysis shows 1 
WBC/HPF, 8 RBC/HPE, and no bacteria. Urine cul- 
ture is negative. The most appropriate next step is: 

a Another course of antibiotics 

b Amitriptyline 

c Pentosan polysulfate 

d Urine cytology 
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Answers to multiple choice questions 


1 c All the listed options are indicated in the initial 
evaluation of patients with interstitial cystitis except 
urodynamic testing. Urodynamics are optional and 
are reserved for complex cases. 

2 d Interstitial cystitis is a diagnosis of exclusion. 
In patients suspected to have interstitial cystitis, the 
presence of hematuria or microhematuria should 
prompt further evaluation for an underlying malig- 
nancy. Carcinoma in situ can sometimes present simi- 
lar to interstitial cystitis. While one empiric course of 
antibiotics may be tried in patients with interstitial 
cystitis, repeated antibiotic courses in the absence of 
documented infection is not recommended. 
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KEY POINTS 


e Prostate cancer is the most common non-skin cancer 
malignancy in American men and the second leading 
cause of cancer death. 

Since the introduction of prostate-specific antigen (PSA) 
screening, the proportion of patients with local-regional 
disease has increased, while the proportion presenting 
with metastatic disease has decreased. Thus, PSA testing 
has allowed diagnosis of prostate cancer while the disease 
is more likely to be confined to the prostate. 

PSA screening remains controversial, and the risks and 
benefits of screening should be discussed with patients 
prior to initiating PSA screening. 


Transrectal ultrasound-guided prostate biopsy with 
10-14 representative cores is the standard method for 
diagnosing prostate cancer. 

e The grade of prostate cancer on biopsy (categorized 

by the Gleason score) carries the greatest prognostic 
information of any preoperative clinical variable currently 
available. 

Risk stratification using biopsy Gleason score, serum 
PSA, and clinical stage allows accurate pretreatment 
assessment of prognosis. 

The majority of patients do not require imaging prior to 
therapy for localized prostate cancer. 


CASE STUDY 1 


A 60-year-old man is found by his primary care provider 
to have a PSA of 6.5 with percentage free PSA of 9%. This 
is the patient’s first PSA test. He is otherwise healthy with 
no comorbidities or previous surgeries, and he reports no 
lower urinary tract symptoms (LUTS) or erectile dysfunc- 
tion. He denies ever having a urinary tract infection or 
urologic procedure. On digital rectal examination (DRE), 


his prostate is found to have a smooth contour with no 
palpable nodules or induration. A TRUS-guided prostate 
biopsy is performed which reveals atypical glands in three 
separate cores on the left side. Repeat biopsy is performed 
6 weeks later and demonstrates Gleason 3 + 4 = 7 disease 
at the left apex in two of the two cores. The patient elects 
to undergo a radical prostatectomy. 


CASE STUDY 2 


A 55-year-old man is referred to the urology clinic for hav- 
ing an elevated PSA at 5.3. He has been healthy with the 
exception of a recent pneumonia treated with levofloxacin. 
He undergoes TRUS-guided prostate biopsy in the urology 
clinic. That night, the patient presents to the emergency 
department with fever of 103.1°C, rigors, and tachycardia 
of 120s. WBC count is 18.2, and urinalysis shows positive 


leukocyte esterase and positive nitrites. While awaiting 
culture results, he is placed on amikacin. Over the next 
2 days, his fevers resolve and laboratory abnormalities 
normalize. He is discharged on IV amikacin to complete 
a 14-day course, and urine culture reveals ESBL-produc- 
ing E. coli resistant to penicillin, cephalosporins, and 
fluoroquinolones. 
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SECTION 5 URINE STORAGE AND EMPTYING 


Introduction 


Prostate cancer is the most common non-skin cancer 
of American men, with over 240,000 cases expected 
in 2011. It is also the second leading cause of cancer 
death in American men behind lung cancer, with over 
33,000 deaths projected in 2011 [1]. Approximately 
one in six men is diagnosed with prostate cancer in 
their lifetime. More than 90% of men are diagnosed 
with local or regional stage disease, which has a 5-year 
survival that approaches 100% [1]. 

Between 1990 and 2007, the mortality rate of 
prostate cancer has decreased by 39%, primarily due 
to improvements in diagnosis and treatment [1]. In 
addition to the potential benefits of prostate cancer 
screening, the decrease in mortality may be related to 
increased utility of aggressive prostate cancer treat- 
ment in the 1980s, including increases in the use of 
radical prostatectomy and external beam radiation 
therapy [2]. 

Age, race, and family history are the strongest risk 
factors for prostate cancer. The incidence of prostate 
cancer increases with age, with the median age of di- 
agnosis of 67 years. Autopsy studies have suggested 
that 30% of men between the ages of 30 and 40 years 
as well as 90% of men between 70 and 90 years old 
may harbor the disease [3, 4]. Thus the majority of el- 
derly men who harbor prostate cancer will not die of 
the disease. African-American men have the greatest 
risk of being diagnosed with prostate cancer (hazard 
ratio 1.6 compared to white American men) and dy- 
ing (hazard ratio 2.4 compared to white men) from 
prostate cancer [1]. Other ethnic groups, including 
Asian Americans, American Indians, and Hispanics, 
do not have an increased probability of dying of pros- 
tate cancer [1]. Men with a first-degree relative di- 
agnosed with prostate cancer are more than twice as 
likely to be diagnosed with the disease as men without 
an involved first-degree relative [5]. 

Since the adoption of prostate-specific antigen 
(PSA) screening, the stage of disease at the time of 
diagnosis has changed substantially [6, 7]. The pro- 
portion of patients with local-regional disease has 
increased, while the proportion presenting with meta- 
static disease has decreased accordingly [1]. Of men 
who undergo radical prostatectomy at Johns Hop- 
kins, the proportion of men with organ-confined dis- 
ease has also increased, from 54% in 1993 to 73% 
in 2007 [6]. 
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Prostate-specific antigen 


PSA is a serine protease of the kallikrein family pro- 
duced by prostatic epithelium that is a component 
of seminal fluid. Elevation in serum levels of PSA is 
commonly associated with benign prostatic hyperpla- 
sia (BPH), prostate cancer, or prostatitis. However, 
serum PSA levels also increase with age, African- 
American ethnicity, and with increasing prostate vol- 
ume [8]. PSA expression is also affected by androgen 
levels; Sa-reductase inhibitors (such as finasteride and 
dutasteride) and androgen-deprivation therapy may 
significantly decrease PSA and make it an unreliable 
marker for prostatic pathology. Other therapies that 
reduce prostate volume, such as radiation therapy 
or surgical therapy involving the prostate (including 
transurethral resection of the prostate, TURP) may 
reduce serum PSA as well [9]. In addition, the admin- 
istration of antibiotics may decrease the serum PSA if 
the elevation is related to prostatitis [10]. These fac- 
tors should always be considered when interpreting 
PSA levels. Furthermore, there is considerable varia- 
bility in PSA level on repeat screening [11], and repeat 
PSA screening should be considered prior to prostate 
biopsy. 

In men treated with 5a-reductase inhibitor, a base- 
line PSA measurement should be obtained prior to 
therapy. Of note, using low-dose finasteride treat- 
ment for male pattern baldness has the same effect 
[12]. Unfortunately, the change in PSA as a result of 
5a-reductase inhibitor therapy is variable, and thus, 
the proper screening protocol for these patients re- 
mains controversial. In the Prostate Cancer Preven- 
tion Trial (PCPT), the PSA level was multiplied by 2.3 
once the patient had taken the medication for >2 years 
[13], which is a good rule of thumb if the pretreat- 
ment PSA is unknown. Another proposed technique is 
to find the PSA nadir after initiating finasteride, then 
perform biopsy for any subsequent increase in PSA 
[14]. Complicating matters, the use of So-reductase 
inhibitors has been found in subset analyses to be as- 
sociated with high-risk prostate cancers. These con- 
siderations should be discussed with patients prior to 
initiating 5a-reductase inhibitor therapy. 

Total serum PSA is typically used in prostate cancer 
screening. The incidence of prostate cancer and the 
risk of future prostate cancer increase with increas- 
ing serum PSA, and a cut off of 4 ng/mL was initially 
used as a threshold for prostate biopsy. However, 


data from the PCPT demonstrate that there is no PSA 
cutoff below which men had an insignificant risk of 
cancer [15]. Thus, Thompson et al. recommend us- 
ing PSA together with family history, race, and digital 
rectal examination (DRE) findings in deciding who 
should undergo prostate biopsy. Because of the lack 
of sensitivity and specificity using serum PSA alone, 
investigators have attempted to increase the accuracy 
by adjusting for prostate volume (PSA density), rate 
of change over time (PSA velocity), and percentage of 
PSA complexed with serine proteases in serum (per- 
centage free PSA). 

PSA density: because PSA is dependent on prostate 
volume and can be elevated in patients with BPH, PSA 
density (defined as serum PSA divided by prostate vol- 
ume) has been proposed [16]. PSA density >0.15 has 
been associated with prostate cancer aggressiveness 
[17]. Like PSA, it lacks the accuracy to be used as a 
single screening test for prostate cancer, but it may 
serve as an additional tool to fully evaluate whether a 
patient requires a prostate biopsy. 

PSA velocity: patients with prostate cancer also 
tend to have an increased rate of change in PSA over 
time than men with benign etiology of PSA elevation. 
Thus, PSA velocity (defined as change in PSA cor- 
rected for the elapsed time between measurements) is 
likely to be higher in men with prostate cancer. Men 
with a PSA between 4 and 10 with a PSA velocity 
>0.75 ng/mL/year have a high likelihood of harbor- 
ing prostate cancer, and PSA velocity >0.35 ng/mL/ 
year is associated with future risk of developing life- 
threatening prostate cancer [18]. However, some au- 
thors have found that PSA velocity offers little prog- 
nostic benefit over PSA alone [19]. 

Free PSA: PSA complexes with 1 antichymot- 
rypsin in solution and the percentage of unbound 
PSA has been studied for its relationship with prostate 
cancer (percentage free PSA). Men with cancer tend to 
have a higher proportion of bound PSA, thus a lower 
percentage free PSA. 

As a result of the association between increased se- 
rum PSA and prostate cancer, screening with serum 
PSA has become commonplace in the United States. 
Recently, two large randomized-controlled trials in 
the United States and Europe evaluating the effective- 
ness of PSA screening have presented interim results. 
The Prostate, Lung, Colorectal, and Ovarian Can- 
cer (PLCO) trial randomized men to PSA screening 
arm or to a control arm without screening, finding 
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no difference in prostate-cancer-specific mortality 
between the two arms with a median follow-up of 
11 years. The trial suffered from a high contamination 
rate, that is, nearly half of the participants in the con- 
trol arm had undergone PSA screening beforehand. 
Because men with a diagnosis of prostate cancer were 
excluded, this may have biased the study population 
toward men with low risk of prostate cancer. Further- 
more, reanalysis of the data to compare mortality out- 
comes in men who actually underwent PSA screening 
and those who did not demonstrated a significant sur- 
vival benefit for men who underwent PSA screening 
[20], though any secondary subset analysis should 
be closely scrutinized. In the European Randomized 
Prostate Cancer Screening trial (ERSPC), European 
men with no prior PSA screening were randomized 
to the screening arm (PSA) or the control arm in sev- 
eral trial locations throughout seven countries in the 
European Union. This trial demonstrated an ~20% 
decrease in relative risk of prostate-cancer-specific 
mortality with PSA screening after a median of 9 years 
of follow-up. However, it is estimated that 1055 need 
to be screened and 37 need to be treated to prevent 
one death with screening within this period [21]. The 
ERSPC study was not affected by the contamination 
seen in the control arm of the PLCO study, which 
may have allowed the statistical power to detect the 
relative risk reduction in prostate-cancer-specific mor- 
tality. Nonetheless, both studies highlight the risks of 
overdiagnosis and overtreatment associated with PSA 
screening. Given the long natural history of prostate 
cancer, longer follow-up of the ERSPC cohort may 
demonstrate a more impressive survival benefit in 
men who undergo screening. 

Unfortunately, determining which men diagnosed 
with prostate cancer will benefit from treatment is not 
possible with contemporary technology. Thus, pa- 
tients interested in being screened for prostate cancer 
should be informed of the risk of overdiagnosis and 
overtreatment as well as the potential side effects of 
prostate cancer treatments. 

Currently, the AUA and American Cancer Society 
recommend annual screening beginning at age 50 years 
in well-informed participants who understand the 
risk of overdiagnosis and overtreatment, with earlier 
screening in men with a positive family history or 
black race [10, 22]. The United States Preventive Ser- 
vices Task Force recently posted a preliminary update 
to the recommendations on PSA screening, suggesting 
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that most men should not undergo screening due to the 
risk of overdiagnosis and overtreatment [23]. As the 
differences in these recommendations make clear, the 
optimum schedule for PSA screening remains contro- 
versial. Before initiating PSA screening, patients should 
be counseled regarding the risks and benefits so that 
they can make an informed decision. 


Other prostate cancer markers 


PCA-3: PCA-3 is a noncoding mRNA expressed in all 
prostate cells but at higher levels in prostate cancer 
cells. The advantage over PSA is that PCA-3 is inde- 
pendent of prostate volume and age. Despite these 
advantages, some have suggested that PCA-3 level 
does not correlate with stage or grade of prostate can- 
cer [24], and thus the clinical role of PCA-3 remains 
uncertain. Urine assays to detect PCA-3 are currently 
available, which are administered after patients un- 
dergo a prostate examination (prostatic massage). 

TMPRSS2:ERG fusion protein: recent studies have 
demonstrated that gene rearrangements are common 
in patients with prostate cancer. An abnormal gene fu- 
sion involving the androgen regulated gene TMPRSS2 
and the ETS transcription factor gene has been found 
in ~50% of patients with prostate cancer [25]. A urine 
test can detect TMPRSS2:ERG fusion in the urine of 
men with prostate cancer with very high specificity. 
Unfortunately, some authors suggest that the fusion 
product is only found in 15% of prostate cancer pa- 
tients, limiting its utility [26]. 

As the number of useful biomarkers increases, 
it is likely that future clinicians will have panels of 
biomarkers to assist in the decision to biopsy patients 
with suspected prostate cancer [27]. 


Transrectal ultrasound-guided prostate biopsy 


Men who have an elevated PSA or abnormal DRE 
finding are recommended to undergo transrectal ul- 
trasound-guided prostate biopsy to randomly sample 
prostate tissue from the peripheral zone of the pro- 
static base, mid, or apex from both sides. Prior to 
the procedure, patients should be counseled to stop 
antiplatelet agents 7-10 days prior to the biopsy, 
and those taking warfarin should be bridged with 
enoxaparin, stopping at least 24 hours prior to the 
procedure. Patients with significant coagulopathy, 
anorectal pathology, severe immunosuppression, as 
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well as active acute prostatitis should be counseled 
not to undergo transrectal biopsy. The AUA recom- 
mends administering antibiotic therapy prior to the 
procedure, and a 1-day or 3-day course of fluoroqui- 
nolone has commonly been used [28]. Fluoroquinolo- 
ne resistance has been increasing in several regions 
within the United States, and alternative agents used 
prior to prostate biopsy have been proposed, includ- 
ing first- or third-generation cephalosporins. Some 
authors recommend a tap water enema on the morn- 
ing of the procedure to evacuate the rectum, which 
improves ultrasound acoustic performance and may 
decrease the risk of infectious complications. 

The procedure is performed by placing patients in 
the left lateral decubitus position with knees tucked 
toward the chest. The ultrasound probe is introduced 
into the rectum, and the prostate volume is assessed 
using measurements in the transverse and sagittal 
planes. Lidocaine is typically administered at the base 
of the seminal vesicle under ultrasound guidance. 
The prostate is then surveyed for hypoechoic lesions, 
which would be suspicious for cancer and should 
be biopsied separately. A spring-driven needle core 
biopsy gun is used to sample the peripheral zone of 
the apex, mid, and base bilaterally under ultrasound 
guidance, which is where 85% of prostate tumors are 
found [27]. Contemporary extended core biopsy tech- 
niques typically utilize 10-14 cores. 

It is estimated that this technique samples 1/1000 
of the tissue of the prostate to assess for large cancers, 
and as a result may miss clinically significant prostate 
cancers. For men with elevated PSA between 4 and 
10 ng/mL, ~22% will be found to harbor prostate 
cancer on sextant biopsy [29]. An additional 10% of 
patients with negative prostate biopsy who undergo 
repeat biopsy will be found to harbor prostate cancer. 
Furthermore, for men diagnosed with low-risk pros- 
tate cancer, ~30% will be upstaged or upgraded on re- 
peat biopsy. Patients with an elevated PSA and nega- 
tive prostate biopsy represent a difficult management 
quandary. In these circumstances, a second biopsy 
is warranted, whereas third and fourth biopsies are 
unlikely to be positive and even then typically reveal 
low-grade and low-stage disease [30]. 

The improved cancer detection rates with extended 
core techniques over sextant biopsy has led many 
to pursue “saturation” biopsy techniques, in which 
20-50 cores may be taken from the prostate, which 
have been found to have increased cancer detection 


rates [31]. However, these typically carry an increased 
anesthetic requirement and the potential for greater 
morbidity. 


Prostate biopsy complications 


Though prostate biopsy carries a low risk of signifi- 
cant morbidity, systemic infections and hemorrhage 
may occur. Approximately 2% of patients will develop 
a febrile urinary tract infection despite prophylactic 
fluoroquinolone administration that requires hos- 
pitalization, and this rate may increase with time as 
the incidence of fluoroquinolone-resistant Escherichia 
coli (FREC) in the community increases [32]. Wheth- 
er the use of alternative agents for prophylaxis such 
as third-generation cephalosporins in areas with high 
prevalence of FREC will decrease the risk remains un- 
certain. Rectal bleeding is typically minor and may 
be controlled with direct digital pressure. Occasion- 
ally, anoscopy is required to oversew a bleeding ar- 
tery. Acute urinary retention may occur after biopsy 
in <1% of patients [33]. Hematospermia is common 
after the procedure and may cause significant anxiety 
for patients. 


Results of biopsy—Gleason score, HGPIN, atypia 


Each biopsy core is assessed by the pathologist, and 
if tumor is present, the grade of the tumor is catego- 
rized using the Gleason scoring system. The Gleason 
score is determined by pathologists by examining the 
histologic architecture of a tumor and assigning a 
score from 1 to 5, with 1 being least aggressive and 
5 being most aggressive. The Gleason score reports 
the two most prevalent patterns in each biopsy core, 
with the most prevalent pattern reported first [34]. 
For instance, a biopsy core containing a large degree 
of pattern 3 and small amount of pattern 4 would be 
Gleason 3 + 4 = 7, whereas a patient with more pat- 
tern 4 would be Gleason 4 + 3 = 7. According to the 
most recent iteration of the Gleason scoring system, 
Gleason 3 + 3 = 6 represents the least aggressive his- 
tologic pattern [34]. The grade of prostate cancer on 
biopsy carries the greatest prognostic information of 
any preoperative clinical variable currently available. 

Another entity frequently encountered in clinical 
practice is high-grade prostatic intraepithelial neo- 
plasia (HGPIN), which is thought to be a precursor 
lesion of prostate cancer. Patients found to have this 
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entity have a 26.4% risk of finding prostate cancer in 
subsequent biopsies [35], which is similar to men who 
have a benign finding on biopsy. Thus, only patients 
with extensive HGPIN are recommended to undergo 
repeat biopsy within a year [35]. Atypical small aci- 
nar proliferation (ASAP) is also associated with an 
increased risk of prostate adenocarcinoma on subse- 
quent biopsy, and immediate repeat biopsy is recom- 
mended. 


Clinical staging and prostate cancer 
risk stratification 


After prostate biopsy, pretreatment parameters such 
as DRE findings (clinical stage), serum PSA, biopsy 
Gleason score, number and extent of positive biopsy 
cores may be used to predict the extent of disease 
(stage) as well as to stratify patients based on the risk 
of harboring aggressive disease. 

Contemporary clinical staging of prostate cancer 
is based primarily on the DRE as specified by the 
American Joint Committee on Cancer (AJCC; see Ta- 
ble 16.1). Of note, if prostate cancer is the result of PSA 
screening and DRE is negative, the clinical stage is T1c. 
If the tumor is palpable (induration or palpable nodule 
on DRE), the clinical stage is T2 or greater. 

Pretreatment parameters using data obtained from 
DRE, prostate biopsy, and serum PSA have been used 
to risk stratify patients with prostate cancer. A few 
approaches are frequently cited in the urologic lit- 
erature and deserve special mention. The Partin tables 
use serum PSA, biopsy Gleason score, and clinical 
stage to predict the likelihood that cancer would be 
confined to the prostate (pT2), have extraprostatic 
extension (pT3), invade the seminal vesicles (pT3b), 
or spread to the pelvic lymph nodes (pN+) if the pa- 
tient were to undergo radical prostatectomy [36, 37]. 
The Partin tables are useful for counseling patients 
about the predicted stage of their disease and in the 
decision to perform a pelvic lymphadenectomy. The 
Han and Kattan nomograms use serum PSA, biopsy 
Gleason, and clinical stage to predict the likelihood 
of biochemical recurrence (PSA elevation after rad- 
ical prostatectomy), which is also helpful in coun- 
seling patients [38, 39]. Finally, a frequently used 
classification system for prostate cancer was created 
by D’Amico et al. which categorizes patients as low 
risk (PSA < 10, biopsy Gleason sum is <6, and clini- 
cal stage is T1c or T2a), intermediate risk (PSA 2 10 
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Table 16.1 


AJCC TNM tumor classification system for prostate cancer 


Tx Cannot be assessed 
TO No evidence of primary tumor 
Tla (TURP) Incidental finding in <5% of tissue resected 
T1: clinically inapparent (-DRE) T1b (TURP) Incidental finding in >5% of tissue resected 
T1c (PSA) Tumor identified by needle biopsy 
T2: palpable, confined to prostate T2a (+DRE) Tumor involves one-half of one lobe 
T2b (+DRE) Tumor involves more than one-half of one lobe but not both lobes 


T2c (+DRE) 
T3: tumor beyond prostate T3 (+DRE) 
T4: tumor invades adjacent T4 (+DRE) 


structures 


side wall) 


Tumor involves both lobes 
Tumor invades extraprostatic soft tissue (T3a) or SV (T3b) 


Tumor is fixed or invades adjacent structures (bladder, rectum, pelvic 


but <20 or clinical stage T2b/T2c or biopsy Gleason 
sum of 7), or high risk (PSA = 20 or clinical stage 
2T3a or biopsy Gleason sum 28) [40]. 

In addition to serum PSA, biopsy Gleason score, 
and clinical stage, other clinically available parame- 
ters may be used to predict the aggressiveness of pros- 
tate cancer, including the number (or percentage) of 
positive cores, the maximum percentage of any core 
involved with cancer, the presence of perineural inva- 
sion, and prostate volume. Imaging studies, particu- 
larly prostate MRI, may improve risk stratification 
further in carefully selected patients and is an area of 
active research. 


Imaging for metastatic prostate cancer 


Prostate cancer tends to metastasize first to the pelvic 
lymph nodes, then to bone and visceral organs. The 
NCCN recommends screening for bone metastases 
with radionuclide bone, which is currently the most 
sensitive modality for detecting skeletal metastasis, in 
all prostate cancer patients with PSA > 20, in those 
with palpable disease and PSA > 10, in any patient 
with Gleason score >7, in anyone with clinical T3 
or T4 disease, and in patients who have bone pain 
[41]. Suspicious lesions found on bone scan should 
be imaged with MRI. CT scan should be performed 
to screen for metastatic disease to the lymph nodes or 
visceral organs in men with clinical T3/T4 disease or 
in those with nomogram risk of lymph node metasta- 
sis above 20% [41]. 
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WHAT TO AVOID/KEY PITFALLS 


e Most men diagnosed with prostate cancer should not 
undergo diagnostic bone scan unless they are sympto- 
matic or have high-risk disease. 

e Fever and the systemic inflammatory response 
syndrome in patients undergoing transrectal ultra- 
sound-guided prostate biopsy with fluoroquinolone 
prophylaxis should raise suspicion for FREC, and 
amikacin or a third-generation cephalosporin should 
be administered while awaiting culture data. 

e Men with a life expectancy of <10 years should not be 

offered PSA screening. 

Focal HGPIN on prostate biopsy is not associated 

with an increased risk of prostate cancer and does not 

merit repeat biopsy. If diffuse HGPIN is present, re- 
peat biopsy should be performed within 1 year. 


KEY WEB LINKS 


National Comprehensive Cancer Network 
Guidelines in Oncology; Prostate Cancer 
http://www.nccn.org/professionals/physician_gls/pdf/ 
prostate. pdf 


National Comprehensive Cancer Network 
Guidelines: Prostate Cancer Early Detection 
http://www.nccn.org/professionals/physician_gls/pdf/ 
prostate_detection.pdf 


American Cancer Society: Early Detection, 
Diagnosis, and Staging 
http://www.cancer.org/Cancer/ProstateCancer/ 
DetailedGuide/prostate-cancer-detection 


American Urologic Association Guidelines. 
Prostate-Specific Antigen Best Practice Statement: 
2009 Update 
http://www.auanet.org/content/media/psa09.pdf 


Multiple choice questions 


1 A 55-year-old man with a PSA of 5.5 ng/mL under- 
goes TRUS-guided prostate biopsy. Pathology reveals 
an atypical focus, suspicious for prostate cancer. The 
next step is: 

Antibiotic therapy for 6 weeks 

PSA surveillance 

Repeat biopsy in 6-12 months 

Repeat biopsy within 3 months 

Initiate 5o-reductase inhibitor therapy 


maara 


2 A 50-year-old man presents to the urology clinic 
with a PSA of 2.1 ng/mL. He has no past medical his- 
tory and takes finasteride 1 mg daily for male pat- 
tern baldness. He reports normal libido and erectile 
function, no lower urinary tract symptoms (LUTS), 
and prostate examination is normal. He denies family 
history of prostate cancer. The next step is: 
Immediate prostate biopsy 

Repeat PSA in 1 year 

Antibiotic therapy for 6 weeks, then recheck PSA 
Measure serum testosterone level 

Pelvic MRI with endorectal coil 


D 


b 
c 
d 
e 
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Answers to multiple choice questions 


1 d Repeat biopsy within 3 months. An atypical fo- 
cus diagnosed by prostate biopsy is associated with 
an increased risk of prostate cancer on subsequent 
biopsy. Repeat biopsy should be performed in these 
patients. On the contrary, HGPIN does not increase 
the risk of prostate cancer on repeat biopsy, and only 
men with extensive HGPIN should undergo repeat 
biopsy within 6-12 months. Men with symptoms of 
chronic prostatitis and an elevated PSA may benefit 
from prolonged antibiotic therapy. 5a-reductase in- 
hibitor therapy is not indicated in patients with an 
atypical focus. 

2 a Immediate prostate biopsy. 5a-reductase inhibi- 
tors decrease serum PSA approximately twofold, and 


low-dose finasteride used to treat male pattern bald- 
ness is also noted to have this effect. Thus, his ad- 
justed PSA would be 4.2 ng/mL and prostate biopsy 
is indicated. Repeating PSA in 1 year risks a delay 
in diagnosis, but this would be appropriate in a pa- 
tient with extensive HGPIN. Antibiotic therapy for 
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6 weeks may be considered in a patient presenting 
with symptoms of prostatitis. Serum testosterone level 
is not necessary in this patient with normal libido and 
erectile function. Pelvic MRI with endorectal coil is 
in clinical testing, but is currently not indicated in the 
diagnosis of prostate cancer. 
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KEY POINTS 


e Prostate cancer is a leading cause of cancer mortality. 
Localized prostate cancer is typically asymptomatic, and the 
presence of symptoms usually suggests advanced disease. 
Screening of asymptomatic men for prostate cancer can 
be done using the prostate-specific antigen (PSA) blood 
test and digital rectal examination (DRE). 

Screening has been shown to reduce metastasis 

and death from prostate cancer, but also leads to 
overdiagnosis and overtreatment. 

Prostate biopsy is necessary to make a histological 
diagnosis of prostate cancer. 


e Staging of prostate cancer may include the PSA and 
DRE results prior to diagnosis, in conjunction with 
the histological findings on biopsy and results of 
imaging. 

e Numerous nomograms and risk classification schemes are 

available to help guide treatment decisions. 

For men with clinically localized prostate cancer, 

treatment options include active surveillance, radical 

prostatectomy, radiation therapy, and cryotherapy. 

The selection of treatment depends upon risk 

classification, life expectancy, and patient preferences. 


CASE STUDY 


A 55-year-old African American man with no signifi- 
cant past medical history undergoes his first prostate- 
specific antigen (PSA) test as a part of a routine physical 
examination, which comes back at 8.5 ng/mL. Repeat 
measurement by his primary care physician is 8.6 ng/ 
mL. On digital rectal examination (DRE), there is a 
small nodule on the left. He has no family history of 
prostate cancer, minimal lower urinary tract symptoms 
(International Prostate Symptom Score [IPSS] 5), and 
normal erectile function (Sexual Health Inventory for 
Men [SHIM] 25). 

He undergoes an uneventful 12-core transrectal 
ultrasound-guided prostate biopsy, which reveals a pros- 
tate volume of 30 cc and no suspicious findings. The 
pathology comes back as Gleason 4 + 4 = 8 in one core 
from the left base (20%) and two additional cores of Glea- 
son 3 + 3 = 6 (10% right base, 20% right mid). CT scan 
and bone scan reveal no evidence of metastatic disease. 


The patient is counseled about management options 
for localized prostate cancer, and he expresses that main- 
taining sexual function is a priority. Active surveillance is 
discussed but is not recommended due to his young age, 
absence of comorbidities, and the presence of high-risk 
features. Other management options are also discussed, in- 
cluding radical prostatectomy, radiation therapy with con- 
comitant hormonal therapy, and whole-gland cryotherapy. 
The patient is concerned about his sexual function with 
hormonal therapy or cryotherapy, so elects to undergo 
open nerve-sparing radical prostatectomy. 

His perioperative course is uneventful and he is dis- 
charged home on postoperative day 1. The final pathol- 
ogy reveals Gleason 4 + 3 = 7 organ-confined disease with 
negative surgical margins. The patient does not receive any 
adjuvant therapy. Nine months later, he is continent, has 
an undetectable PSA, and his erectile function has almost 
returned to baseline (SHIM 23). 
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Published 2014 by John Wiley & Sons, Ltd. 


SECTION 6 ONCOLOGY 


Statistics and epidemiology 


According to data from the World Health Organi- 
zation, there were 272,223 deaths from prostate 
cancer worldwide in 2008 [1]. In 2013, there are 
an estimated 238,590 new prostate cancer cases 
and 29,720 disease-specific deaths in the United 
States. 

Incidence and mortality rates of prostate cancer 
vary widely across the globe [1]. For example, the 
United States and Scandinavia have high incidence 
rates; whereas the incidence and mortality rates are 
lower in Asia. Within the United States, rates of 
prostate cancer also differ by ethnic heritage. Spe- 
cifically, African Americans have an increased risk of 
prostate cancer diagnosis and advanced disease [3]. 
Conversely, Asian Americans have lower incidence 
and mortality from prostate cancer. 

Autopsy studies have shown that the prevalence of 
histological prostate cancer shows a direct increase 
with age [4]. Similar trends are seen in clinical prac- 
tice, such that age is used as one of the key variables 
to guide prostate cancer screening and management 
decisions [5]. 

There are several other well-established risk 
factors for prostate cancer, including a positive fam- 
ily history. A meta-analysis showed that men with a 
first-degree family history of prostate cancer have a 
2.5-fold increased risk, and a greater risk with young- 
er age at the relative’s diagnosis [6]. However, it 
should be noted that family history encompasses both 
shared genetic and environmental factors. Moreover, 
men with a family history of prostate cancer may be 
more likely to undergo prostate-specific antigen (PSA) 
testing, thereby increasing the risk of screen-detected 
disease [7]. 

Overall, studies of concordance rates for prostate 
cancer between twins have estimated that heritable 
factors account for 42% of prostate cancer suscep- 
tibility [8]. In recent years, innovations in genetics 
research have led to the identification of numerous 
single-nucleotide polymorphisms which are associ- 
ated with prostate cancer risk [9, 10]. 

Several environmental factors have also been 
studied for a relationship to prostate cancer risk. 
For example, studies have shown an association be- 
tween increased sunlight exposure with decreased 
prostate cancer risk. Although some dietary and en- 
vironmental factors have been studied for a possible 
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association with increased prostate cancer risk (e.g., 
charred meat, calcium intake, and pesticides), these 
associations remain speculative and causality has not 
been proven [11-13]. 


Prostate cancer screening 


Early prostate cancer does not typically cause symp- 
toms. Current screening protocols incorporate PSA 
and digital rectal examination (DRE). PSA is a ser- 
ine protease which liquefies the seminal coagulum 
and was first utilized in forensics to identify human 
semen. It was later discovered to also serve as a use- 
ful marker for prostatic disease [14]. Indeed, the risk 
of overall and aggressive prostate cancer increases 
directly with increasing PSA levels. In men from a 
clinical trial undergoing empiric biopsies with PSA 
<4 ng/mL, prostate cancer was detected in 6.6%, 
10.1%, 17.0%, 23.9%, and 26.9% with PSA levels 
<0.5, 0.6-1.0, 1.1-2.0, 2.1-3.0, and 3.1-4.0 ng/mL, 
respectively [15]. Thus, even at low levels, PSA rep- 
resents a valid marker for the presence of prostate 
cancer. 

The problem is that serum PSA levels may also 
be elevated with manipulation (such as cystoscopic 
procedures, catheterization, and prostate biopsy) 
and in nonmalignant conditions such as benign 
enlargement and prostatitis; as such, it is not can- 
cer specific [16]. Other factors may also affect PSA 
levels, including medications (e.g., 5-a-reductase 
inhibitors and statins), genetic factors, as well as 
the type of assay platform used in the measurement 
[17-22]. 

Despite these issues, PSA remains the foundation 
of prostate cancer screening. A randomized trial 
from Europe reported that PSA screening reduced 
the rate of disease-specific mortality by 21% at 
11 years [23]. A smaller randomized trial in the 
United States showed no difference in prostate 
cancer mortality between men randomized to the 
screening and control arms [24]. However, sever- 
al issues with this study, such as widespread PSA 
testing among “controls,” may be responsible for 
the negative findings. Additional follow-up from 
these studies will provide more long-term data on 
mortality in the future. 

In addition to the benefits of early detection and 
reduced mortality, PSA-based screening also has 


potential harms including the cost, anxiety, and pos- 
sible side effects of unnecessary biopsies [25]. Due 
to concerns about the relative benefits and harms 
of prostate cancer screening, there are a wide range 
of professional organization guidelines. These range 
from initiating a conversation about screening at 
age 40 to discouraging population-based screening 
[26-30]. 


Other tools for screening 


PSA exists in two forms in the circulation—a free 
form (“free PSA”) or bound to proteins such as 
a-1-antichymotrypsin [31]. Studies in the 1990s 
showed that prostate cancer was significantly more 
likely with a lower percent-free PSA (%fPSA) [32]. 
Additionally, several isoforms exist which may be 
differentially expressed in benign and malignant 
tissues. Specifically, the “B-PSA” isoform has been 
associated with BPH, whereas proPSA is associated 
with a higher risk of total and aggressive prostate 
cancer [33]. The [-2] proPSA isoform and pros- 
tate health index (combining it with total and free 
PSA) are now approved as an adjunct in screening. 
[34, 35]. 

Aside from free PSA and isoforms, other varia- 
tions on the PSA test may help increase specificity 
for prostatic malignancy. These include PSA den- 
sity (dividing PSA by prostate volume) and PSA 
density of the transition zone (PSA divided by tran- 
sition zone volume) [36, 37]. Another way to use 
the PSA test is to study changes over time, such 
as PSA velocity and PSA doubling time [38, 39]. 
In the future, genetic factors may also be used to 
adjust PSA levels or help determine the need for 
prostate biopsy, although their incremental utility 
has not been definitively shown and requires fur- 
ther evaluation [40]. Alternate markers have also 
been investigated for prostate cancer screening, in- 
cluding PCA3 [41]. Numerous studies have shown 
an association between PCA3 with prostate cancer 
detection on initial and repeat biopsy although 
many studies do not show an association with ag- 
gressiveness [42, 43]. 

Overall, screening increasingly involves the simul- 
taneous consideration of multiple risk factors to make 
clinical decisions. This may be facilitated by multivar- 
iable nomograms or risk calculators [44, 45]. These 
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are prediction tools which formally combine PSA 
with other risk factors such as age, family history, and 
DRE findings to provide more precise estimates of 
prostate cancer risk. 


Prostate biopsy 


Prostate biopsy remains the gold standard for 
histological diagnosis of prostate cancer. A declining 
number of cases are diagnosed in other ways such as 
transurethral resection of the prostate. 

Prostate biopsy is typically performed transrec- 
tally using ultrasound guidance; however, a perineal 
approach is also possible in the United States. More 
recently, MRI-guided biopsies are being evaluated 
for patients particularly those with prior negative 
biopsy and persistent PSA elevations [46]. 

The 2012 National Comprehensive Cancer 
Network (NCCN) Guidelines recommend consid- 
ering prostate biopsy for suspicious DRE, a PSA 
>2.5 ng/mL, or a PSA velocity 20.35 ng/mL/year [29]. 
Free PSA may also be used to aid in the decision for 
patients where the risks of biopsy and/or diagnosis 
are outweighed by comorbid conditions. 

Although routine antimicrobial prophylaxis is rec- 
ommended for men undergoing prostate biopsy, an 
increasing risk of hospitalization has been observed 
during the past decade in the United States and other 
countries [25, 47]. This may be related to increasing 
antimicrobial resistance. Noninfectious complica- 
tions are also possible after biopsy. In a European 
screening trial, persistent hematuria, hematospermia, 
urinary retention, and pain were reported in 22.6%, 
50.4%, 0.4%, and 7.5% of biopsies, respectively, al- 
though the vast majority were mild and self-limited 
[48]. In the future, improved biomarkers or imaging 
technology may help reduce or even avoid the need 
for invasive biopsy procedures in some men. In partic- 
ular, there is active investigation into a role for MRI 
in this setting. 

Once prostate biopsy is done, each core should 
be reviewed individually for the presence and ex- 
tent of prostate cancer. Other possible diagnoses 
on prostate biopsy include prostatitis, high-grade 
prostatic intraepithelial neoplasia (a putative pre- 
malignant lesion), and atypical glands suspicious 
for carcinoma (for which prompt repeat biopsy is 
recommended) [49]. 
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The majority of prostate cancers are adenocarci- 
noma, although other tumor types (e.g., small cell, 
sarcoma) are rarely identified on prostate biopsy [49]. 
Since management differs for these unusual histolo- 
gies, this chapter specifically deals with adenocarci- 
noma. Grading for adenocarcinoma is based upon the 
Gleason grading system, which involves assigning a 
score from 1 to 5 to two most common histologic pat- 
terns which are then summed together. In instances 
where a higher grade tertiary pattern is present, a 
2005 consensus conference recommended assigning 
the biopsy Gleason score based on the most com- 
mon and highest grade patterns for clinical decision 
making [49]. 


Prostate cancer staging 


Once a diagnosis of prostate cancer is made on bi- 
opsy, staging is necessary to determine the extent of 
disease and decide upon treatment. In this regard, a 
plethora of nomograms and tables are available to 
help assess prognosis. In 1993, the Partin tables were 
created using PSA, Gleason score, and clinical stage 
to predict pathologic features [50]. Other tables and 
nomograms are available using clinical and/or patho- 
logic variables to predict biochemical recurrence and 
prostate cancer-specific mortality after treatment 
[51-54]. 

Alternatively, patients may be categorized into risk 
groups, which is useful to predict prognosis and guide 
therapy. These include the D’Amico risk groups: low 
(PSA <10 ng/mL, Gleason score <6, and clinical stage 
T1/T2a), intermediate (PSA 10-20 ng/mL, Gleason 
score 7, or clinical stage T2b), and high (PSA >20 ng/ 
mL, Gleason score 8-10, or clinical stage >T2c) [55]. 
The 2013 NCCN guidelines use a similar classifica- 
tion scheme with an additional subcategory for “very 
low-risk” disease (clinical stage T1c, Gleason score 
<6, PSA <10 ng/mL, fewer than three positive biopsy 
cores with <50% cancerous involvement, and PSA 
density <0.15 ng/mL/g) [29]. 

Since regional and distant metastases are rare 
in low-risk patients, imaging is not required before 
proceeding to active surveillance or definitive thera- 
py. However, for patients with higher risk features, 
imaging studies should be performed. For example, 
the NCCN recommends bone scan for clinical stage 
T1 disease with a PSA >20 ng/mL, clinical stage T2 
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disease with a PSA >10 ng/mL or Gleason score 28, 
clinical stage >T3, or symptoms [56]. Additionally, 
a CT or an MRI is recommended for patients with 
clinical stage =>T3, or clinical stage T1/T2 disease with 
>10% predicted probability of lymph node metas- 
tases. Despite the availability of such guidelines on 
patient selection for pretreatment imaging studies, in- 
appropriate imaging for low-risk disease is common. 


Treatment for localized disease 


For localized disease, there are many different man- 
agement options [57]. Two of the most important 
considerations for treatment selection are risk classi- 
fication and life expectancy [56]. Other essential fac- 
tors in treatment selection are patient-specific charac- 
teristics and preferences. These variables are critical 
due to substantial differences in side-effect profiles, 
time commitment, and follow-up protocols between 
the various management options. 

At one end of the spectrum is active surveillance. In 
the 2013 NCCN guidelines, this is the treatment of 
choice for men with low- or very low-risk disease and 
a life expectancy <10 years [56]. It is also an alterna- 
tive to radiation therapy for intermediate-risk patients 
with a life expectancy <10 years, as well as low-risk 
patients with a life expectancy >10 years who wish to 
defer definitive therapy. 

Although active surveillance has enrolled more pa- 
tients over time, still the majority of men diagnosed 
with low-risk disease in the United States undergo 
initial definitive therapy [58]. Selection criteria for 
active surveillance vary between protocols, but are 
typically based on some combination of PSA, clinical 
stage, and Gleason score. The Johns Hopkins Active 
Surveillance Program was initiated in 1995 and in- 
cludes men with clinical stage T1c prostate cancer, a 
PSA density <0.15, Gleason score <6, and a maximum 
of two positive cores on biopsy with <50% cancerous 
involvement. In a recent update, the 10-year freedom 
from intervention was 41% and there were no deaths 
from prostate cancer [59]. 

Another large active surveillance program from 
Canada includes men with clinical stage T1 or T2 
disease and a PSA <15 ng/mL. During the early 
phase of the study, men older than 70 years with 
Gleason 7 disease were also included. However, due 
to a higher risk of progression in this population, the 


current protocol only includes men with a Gleason 
score <6 [60]. 

Advantages of active surveillance are the avoidance 
or delay of definitive treatment with its associated 
side effects. Although close follow-up is necessary, 
there is debate over the best triggers for intervention 
during active surveillance. At Johns Hopkins, annual 
surveillance biopsies are performed [61], whereas 
other programs also use PSA kinetics to evaluate for 
progressive disease [62]. Also, limitations in current 
diagnostic modalities result in understaging or under- 
grading in some cases. For example, in a population 
of men who would meet criteria for active surveil- 
lance but chose radical prostatectomy, 28% had ad- 
verse pathology features [63]. 

Another option for management of localized dis- 
ease is radical prostatectomy, which may be offered 
to men with low-, intermediate-, and high-risk disease 
with at least a 10-year life expectancy [29]. There are 
many different approaches to this procedure [64]. 
The initial description in 1904 by Hugh Hampton 
Young employed a perineal approach. The retropubic 
approach was first used in 1947, but it was not fre- 
quently performed until the pioneering discoveries of 
Dr. Patrick Walsh in the early 1980s led the anatomic 
retropubic prostatectomy to become the gold stand- 
ard for surgical management of prostate cancer [65]. 

Laparoscopic approaches to radical prostatectomy 
were subsequently developed but widespread utiliza- 
tion did not occur due to the technical difficulty [66, 
67]. However, the development of a robotic plat- 
form to assist in laparoscopic radical prostatectomy 
helped to overcome these challenges and has rapidly 
accelerated in popularity in advance of long-term 
oncologic data [68]. Early comparisons suggest de- 
creased intraoperative blood loss with robotic-assist- 
ed laparoscopic radical prostatectomy [69]; whereas 
many other metrics of surgical outcome are similar 
when the procedures are performed by experienced 
surgeons. 

A Swedish randomized trial showed that radical 
prostatectomy, as compared to watchful waiting, was 
associated with a 38% relative reduction in prostate 
cancer mortality (p = 0.01) [70]. However, potential 
side effects of radical prostatectomy include incon- 
tinence and erectile dysfunction, regardless of ap- 
proach. Rates of urinary and sexual dysfunction after 
radical prostatectomy vary based on surgical factors 
(e.g., nerve sparing) and importantly, patient-specific 
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factors (e.g., preoperative functional status, age, and 
comorbidities) [71]. Bladder neck contracture is an- 
other possible urologic complication of radical pros- 
tatectomy. Thromboembolic complications are un- 
common and perioperative mortality is rare [72]. 

Another management option for localized prostate 
cancer is radiation therapy, which is an option for 
patients with low- to high-risk disease [56]. Radia- 
tion therapy is available in two main forms. The first 
type is external beam radiation therapy, which uses 
linear accelerators to deliver photons to the prostate 
while minimizing dosage to surrounding tissues. Al- 
ternate forms of external beam radiation therapy are 
currently available using heavy particles (e.g., pro- 
ton beam) instead of photons; however, these tech- 
niques are expensive and incremental value has not 
been proven. 

The second main form of radiation therapy is 
brachytherapy, in which radioactive seeds (palladium 
103 or iodine 125) are implanted into the prostate. 
Historically, this was performed freehand, but the 
technique has since been revolutionized with the use 
of image guidance (most commonly with transrectal 
ultrasound). Indeed, precise seed placement is critical 
for the oncologic efficacy of this technique. 

With regard to side effects, radiation may potential- 
ly lead to progressive erectile dysfunction. Although 
radiation therapy has a lower risk of incontinence 
than radical prostatectomy [73], it may be associated 
with different genitourinary sequelae (e.g., radiation 
cystitis), as well as bowel dysfunction due to the prox- 
imity of the rectum to the radiation field. 

For higher risk patients, concomitant androgen 
deprivation therapy is recommended in conjunction 
with radiation therapy [56]. Indeed, long-term out- 
comes from the randomized European Organisation 
for Research and Treatment of Cancer (EORTC) trial 
were recently reported, demonstrating a significant 
improvement in 10-year clinical disease-free survival 
and cancer-specific survival with combined therapy 
compared to radiation therapy alone in this patient 
population [74]. Nevertheless, hormonal therapy it- 
self has numerous possible side effects including gy- 
necomastia, hot flashes, and sexual dysfunction [57]. 

As with radical prostatectomy, there is substantial 
long-term data demonstrating the oncologic efficacy 
of radiation therapy for clinically localized pros- 
tate cancer. Contemporary randomized trials have 
not directly compared radical prostatectomy versus 
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radiation therapy for clinically localized disease. 
Though there are numerous observational studies 
comparing surgery and radiation [75, 76], interpret- 
ation is hindered by differences in patient selection as 
well as the definition of biochemical recurrence [77]. 

Unlike radical prostatectomy where the main 
source of PSA has been removed, monitoring for 
PSA recurrence after radiation therapy is more com- 
plex. This is particularly true since transient “PSA 
bounces” may occur (especially after brachytherapy), 
which subsequently decline spontaneously. In 1996, 
American Society for Radiation Oncology (ASTRO) 
defined biochemical recurrence after radiation ther- 
apy as three consecutive PSA rises, and the time of 
failure was backdated to midway between the nadir 
and first PSA rise. Due to a lack of specificity for clini- 
cal outcomes, a subsequent consensus conference in 
2005 adopted the Phoenix criteria (PSA rise by 22 ng/ 
mL above the nadir value without backdating) as the 
new standard for defining biochemical recurrence af- 
ter radiation therapy [78]. 

Another treatment modality for prostate cancer 
is cryotherapy, which uses cold temperatures to in- 
duce coagulative necrosis. According to an AUA Best 
Practice Statement (2008), cryotherapy is an option 
for men with clinically localized disease of any grade 
with a negative metastatic evaluation, and also for the 
treatment of locally recurrent disease after radiation 
therapy [79]. 

As with radical prostatectomy and radiation ther- 
apy, technological advances have significantly in- 
creased the safety and feasibility of cryotherapy over 
time. These include switching from liquid nitrogen 
to inert gas, the development of smaller cryoprobes, 
real-time imaging and temperature monitoring, and 
the use of urethral warming devices [79]. 

Currently, the technique is performed as a same- 
day surgery. Using transrectal ultrasound guidance, 
cryoneedles are placed into the prostate using a per- 
ineal template. Freeze-thaw cycles are performed 
with a urethral warmer in place, and the patient is 
discharged with a urinary catheter. 

Although the cryotherapy procedure itself is 
generally well tolerated, the most significant func- 
tional side effect is erectile dysfunction [80, 81]. For 
example, in the Cryo On-Line Database (COLD) 
registry, only 32.3% of men who were potent prior 
to treatment had successful intercourse afterward. Ac- 
cordingly, this procedure is best reserved for patients 
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with preexisting impotence or who are not interested 
in preservation of sexual function [79]. The risk of 
side effects is greater when cryotherapy is used in the 
salvage setting for radio-recurrent disease. 

With respect to oncologic outcomes, there is 
controversy over the appropriate definition for bio- 
chemical failure after cryotherapy. In some series, 
post-cryotherapy biopsies are also used as a way to 
identify treatment failure. In 4099 patients from the 
observational COLD registry, the 2-year recurrence- 
free survival rate was 75.5% [80]. This group also 
showed that the likelihood of a positive posttreat- 
ment biopsy varied based upon the presence of a ris- 
ing PSA. In another study from the COLD registry 
including men aged >75 years, the 5-year progression- 
free survival was 79% using the ASTRO and 62.6% 
using the Phoenix definition, which differed based on 
D’Amico risk category [82]. 

Finally, there are several investigational treatment 
options for prostate cancer. One of these options is 
high-intensity focused ultrasound (HIFU), which 
causes coagulative necrosis of tissue using focused 
ultrasound waves. Similar to cryotherapy, it has 
been used both in the primary setting, as well as in 
the management of recurrent disease after radiation 
therapy. One of the largest series of HIFU in clini- 
cally localized disease reported a 5-year recurrence- 
free survival rate of 72% using the Phoenix criteria 
[83]. This treatment may be associated with urinary 
obstruction, leading some centers to perform a blad- 
der outlet procedure in conjunction with HIFU [84]. 
Overall, a synthesis of the evidence by the United 
States Preventive Services Task Force concluded that 
there was insufficient evidence to fully compare the 
benefits and harms of HIFU [57]. It has been primar- 
ily used in Europe and Japan, and is not currently ap- 
proved for use as a prostate cancer treatment in the 
United States [85]. 

Another investigational option is focal therapy, 
which involves treatment of a portion of the pros- 
tate instead of the whole gland (conceptually simi- 
lar to a “lumpectomy” for breast cancer). Although 
organ-sparing procedures have become a standard 
of care for other forms of malignancy such as renal 
cell cancer, in this instance, it is complicated by the 
well-documented multifocality of prostate cancer. 
For example, among patients with unilateral low-risk 
disease on biopsy who underwent radical prostatec- 
tomy, 65% had prostate cancer on the contralateral 


side in the final pathologic specimen, with aggressive 2 


CHAPTER 17 PROSTATE CANCER: LOCALIZED 


All of the following are risk factors for prostate 


features present in 20% [86]. cancer except 


Despite the absence of high-quality data demon- 
strating its utility, there has been a significant increase 
in utilization of focal cryotherapy over time [80]. 
Compared to whole-gland cryotherapy, focal treat- 
ment is associated with a lower risk of erectile dys- 
function [80], although long-term oncologic efficacy 
is uncertain. Other modalities are also being explored 
for focal therapy (HIFU, photodynamic therapy, radio 
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a Positive family history 

b Increased sunlight exposure 
c Increasing age 

d African American 


Which of the following screening results is not 


associated with an increased risk of overall prostate 
cancer and aggressive disease? 


: . High PSA i 
frequency ablation and laser therapy [87]) and remain o Sp dens 
: a a : b High percent free PSA 
investigational. Overall, clinical trials are necessary to ; 

; c High PSA 
assess the safety and cost-effectiveness of focal thera- . 
: d High PSA velocity 
py compared to other management strategies. 
In conclusion, the treatment options for clinically 
localized prostate cancer have greatly expanded and 
improved over time. Since numerous management op- References 


tions are available with different relative advantages 

and disadvantages, the use of risk assessment tools 1 
and informed patient-physician discussions can aid in 

the optimal selection. 


COMMON PITFALLS/WHAT TO AVOID 


e PSA screening should not be performed in men with 
<10-year life expectancy who will not benefit from 
early detection. 4 

e Imaging studies are not necessary for staging of low- 
risk prostate cancer patients. 

e Treatment should be tailored to patient-specific char- 
acteristics. 5 
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1 Which of the following populations has the lowest 


ar 9 
prostate cancer incidence? 
a US Caucasian 
b African American 10 


c Asian 
d Scandinavian 


World Health Organization Global Health Observa- 
tory Repository Data. Available at http://apps.who.int/ 
ghodata/?vid=10011 (Last accessed 17 November 2011). 
American Cancer Society. Cancer Facts & Figures 2013. 
Available at http://www.cancer.org/acs/groups/content/ 
@epidemiologysurveilance/documents/document/ 
acspc-036845.pdf (Last accessed 1 June 2013). 

Cancer of the Prostate- SEER Stat Fact Sheet. Available at 
http://seer.cancer.gov/statfacts/html/prost.html#incidence- 
mortality (Last accessed 28 November 2011). 

Sakr WA, Grignon DJ, Crissman JD, et al. High grade 
prostatic intraepithelial neoplasia (HGPIN) and pros- 
tatic adenocarcinoma between the ages of 20-69: an au- 
topsy study of 249 cases. In Vivo 1994;8(3):439-443. 
Oesterling JE, Jacobsen SJ, Chute CG, et al. Serum 
prostate-specific antigen in a community-based popu- 
lation of healthy men. Establishment of age-specific ref- 
erence ranges. JAMA 1993;270(7):860-864. 

Johns LE, Houlston RS. A systematic review and 
meta-analysis of familial prostate cancer risk. BJU Int 
2003;91(9):789-794. 

Bratt O, Garmo H, Adolfsson J, et al. Effects of prostate- 
specific antigen testing on familial prostate cancer risk 
estimates. J Natl Cancer Inst 2010;102(17):1336-1343. 
Lichtenstein P, Holm NV, Verkasalo PK, et al. Environ- 
mental and heritable factors in the causation of cancer— 
analyses of cohorts of twins from Sweden, Denmark, 
and Finland. N Engl J Med 2000;343(2):78-85. 

Eeles RA, Kote-Jarai Z, Giles GG, et al. Multiple newly 
identified loci associated with prostate cancer suscepti- 
bility. Nat Genet 2008;40(3):316-321. 

Zheng SL, Sun J, Wiklund F, et al. Cumulative associa- 
tion of five genetic variants with prostate cancer. N Engl 
J Med 2008;358(9):910-919. 


145 


SECTION 6 ONCOLOGY 


11 


12 


Chan JM, Gann PH, Giovannucci EL. Role of diet in 
prostate cancer development and progression. J Clin 
Oncol 2005;23(32):8152-8160. 

Punnen S, Hardin J, Cheng I, Klein EA, Witte JS. Impact 
of meat consumption, preparation, and mutagens on ag- 
gressive prostate cancer. PLoS One 2011;6(11):e27711. 


13 John EM, Dreon DM, Koo J, Schwartz GG Residential 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


sunlight exposure is associated with a decreased risk of 
prostate cancer. J Steroid Biochem Mol Biol 2004;89- 
90(1-5):549-552. 

Stamey TA, Yang N, Hay AR, et al. Prostate-specific 
antigen as a serum marker for adenocarcinoma of the 
prostate. N Engl J Med 1987;317(15):909-916. 
Thompson IM, Pauler DK, Goodman PJ, et al. Preva- 
lence of prostate cancer among men with a prostate- 
specific antigen level < or =4.0 ng per milliliter. N Engl J 
Med 2004;350(22):2239-2246,. 

Tchetgen MB, Oesterling JE. The effect of prostatitis, 
urinary retention, ejaculation, and ambulation on the 
serum prostate-specific antigen concentration. Urol Clin 
North Am 1997;24(2):283-291. 

Chang SL, Harshman LC, Presti JC, Jr. Impact of com- 
mon medications on serum total prostate-specific anti- 
gen levels: analysis of the National Health and Nutri- 
tion Examination Survey. J Clin Oncol 2010;28(25): 
3951-3957. 

D’Amico AV, Roehrborn CG. Effect of 1 mg/day finas- 
teride on concentrations of serum prostate-specific an- 
tigen in men with androgenic alopecia: a randomised 
controlled trial. Lancet Oncol 2007;8(1):21-25. 

Etzioni RD, Howlader N, Shaw PA, et al. Long-term 
effects of finasteride on prostate specific antigen levels: 
results from the prostate cancer prevention trial. J Urol 
20053174(3):877-881. 

Loeb S, Carter HB, Walsh PC, et al. Single nucleotide 
polymorphisms and the likelihood of prostate can- 
cer at a given prostate specific antigen level. J Urol 
2009;182(1):101-104; discussion 105. 

Gudmundsson J, Besenbacher S, Sulem P, et al. Genetic 
correction of PSA values using sequence variants associ- 
ated with PSA levels. Sci Trans! Med 2010;2(62):1-9. 
Loeb S, Chan DW, Sokoll L, et al. Prostate specific 
antigen assay standardization bias could affect clini- 
cal decision making. J Urol 2008;180(5):1959-1962; 
discussion 1962-3. 

Schroder FH, Hugosson J, Roobol MJ, et al. Prostate- 
Cancer Mortality at 11 Years of Followup. N Engl J Med 
2012;366(11):981-990. 

Andriole GL, Crawford ED, Grubb RL, et al. Prostate 
cancer screening in the randomized Prostate, Lung, 
Colorectal, and Ovarian Cancer Screening Trial: mortal- 
ity results after 13 years of follow-up. J Natl Cancer Inst 
2012;104(2):125-132. 


146 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


Loeb S, Carter HB, Berndt SI, Ricker W, Schaeffer 
EM. Complications after prostate biopsy: data from 
SEER-Medicare. J Urol 2011;186(5):1830-1834. 
Heidenreich A, Aus G, Bolla M, et al. EAU guidelines on 
prostate cancer. Eur Urol 2008;53(1):68-80. 

Schroder FH. Stratifying risk—the U.S. Preventive Ser- 
vices Task Force and prostate-cancer screening. N Engl J 
Med 2011;365(21):1953-1955. 

U.S. Preventive Services Task Force. Screening for Pros- 
tate Cancer: Draft Recommendation Statement. Avail- 
able at http://www.uspreventiveservicestaskforce.org/ 
draftrec3.htm (Last accessed 29 October 2011). 
National Comprehensive Cancer Network Clini- 
cal Practice Guidelines in Oncology. Available at 
http://www.nccn.org/professionals/physician_gls/pdf/ 
prostate_detection.pdf (Last accessed 1 June 2013). 
Carter HB, Albertsen PC, Barry MJ, et al. Early Detec- 
tion of Prostate Cancer: AUA Guideline. Available at 
http://www.auanet.org/education/guidelines/prostate- 
cancer-detection.cfm. (Last accessed 1 June 2013). 

Lilja H, Christensson A, Dahlen U, et al. Prostate-spe- 
cific antigen in serum occurs predominantly in complex 
with alpha 1-antichymotrypsin. Clin Chem 1991;37(9): 
1618-1625. 

Catalona WJ, Partin AW, Slawin KM, et al. Use of the 
percentage of free prostate-specific antigen to enhance 
differentiation of prostate cancer from benign prostatic 
disease: a prospective multicenter clinical trial. JAMA 
1998;279(19):1542-1547, 

Canto, E.I., H. Singh, S.F. Shariat, et al. Serum BPSA 
outperforms both total PSA and free PSA as a predictor 
of prostatic enlargement in men without prostate cancer. 
Urology 2004;63(5):905-910; discussion 910-911. 
Catalona WJ, Partin AW, Sanda MG, et al. A multicenter 
study of [-2] pro-prostate specific antigen combined with 
prostate specific antigen and free prostate specific antigen 
for prostate cancer detection in the 2.0 to 10.0 ng/ml pros- 
tate specific antigen range. J Urol 2011;185: 1650-1655. 
Sokoll LJ, Wang Y, Feng Z, et al. |-2]proenzyme prostate 
specific antigen for prostate cancer detection: a national 
cancer institute early detection research network valida- 
tion study. J Urol 2008;180(2):539-543; discussion 543. 
Benson MC, Whang IS, Pantuck A, et al. Prostate spe- 
cific antigen density: a means of distinguishing benign 
prostatic hypertrophy and prostate cancer. J Urol 
1992;147(3 Pt 2):815-816. 

Djavan, B., A. Zlotta, C. Kratzik, et al. PSA, PSA den- 
sity, PSA density of transition zone, free/total PSA ratio, 
and PSA velocity for early detection of prostate can- 
cer in men with serum PSA 2.5 to 4.0 ng/mL. Urology 
1999;54(3):517-522. 

Carter HB, Pearson JD, Metter EJ, et al. Longitu- 
dinal evaluation of prostate-specific antigen levels 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


52 


in men with and without prostate disease. JAMA 
1992;267(16):2215-2220. 

Loeb S, Kettermann A, Ferrucci L, et al. PSA doubling 
time versus PSA velocity to predict high-risk prostate 
cancer: data from the Baltimore Longitudinal Study of 
Aging. Eur Urol 2008;54(5):1073-1080. 

Nam RK, Zhang WW, Trachtenberg J, et al. Utility 
of incorporating genetic variants for the early detec- 
tion of prostate cancer. Clin Cancer Res 2009;15(5): 
1787-1793. 

de Kok JB, Verhaegh GW, Roelofs RW, et al. DD3(PCA3), 
a very sensitive and specific marker to detect prostate tu- 
mors. Cancer Res 2002;62(9):2695-2698. 

de la Taille A, Irani J, Graefen M, et al. Clinical evalu- 
ation of the PCA3 assay in guiding initial biopsy deci- 
sions. J Urol 2011;185(6):2119-2125, 

Marks LS, Fradet Y, Deras IL, et al. PCA3 molecular 
urine assay for prostate cancer in men undergoing repeat 
biopsy. Urology 2007;69(3):532-535. 

Roobol MJ, Steyerberg EW, Kranse R, et al. A risk-based 
strategy improves prostate-specific antigen-driven detec- 
tion of prostate cancer. Eur Urol 2010;57(1):79-85. 
Thompson IM, Ankerst DP, Chi C, et al. Assessing pros- 
tate cancer risk: results from the Prostate Cancer Preven- 
tion Trial. J Natl Cancer Inst 2006;98(8):529-534. 

Lee SH, Chung MS, Chung BH. Magnetic resonance im- 
aging targeted biopsy in men with previously negative 
prostate biopsies. J Endourol 2011;26(7):787-791. 
Nam RK, Saskin R, Lee Y, et al. Increasing hospi- 
tal admission rates for urological complications after 
transrectal ultrasound guided prostate biopsy. J Urol 
2010;183(3):963-968. 

Raaijmakers R, Kirkels WJ, Roobol MJ, Wildhagen MF, 
Schrder FH. Complication rates and risk factors of 5802 
transrectal ultrasound-guided sextant biopsies of the 
prostate within a population-based screening program. 
Urology 2002;60(5):826-830. 

Epstein JI, Allsbrook WC, Jr., Amin MB, Egevad LL. Up- 
date on the Gleason grading system for prostate cancer: 
results of an international consensus conference of uro- 
logic pathologists. Adv Anat Pathol 2006;13(1):57-59. 
Partin AW, Yoo J, Carter HB, et al. The use of prostate 
specific antigen, clinical stage and Gleason score to pre- 
dict pathological stage in men with localized prostate 
cancer. J Urol 1993;150(1):110-114. 

Kattan MW, Eastham JA, Stapleton AM, Wheeler TM, 
Scardino PT. A preoperative nomogram for disease re- 
currence following radical prostatectomy for prostate 
cancer. J Natl Cancer Inst 1998;90(10):766-771. 

Han M, Partin AW, Zahurak M, et al. Biochemical (pros- 
tate specific antigen) recurrence probability following 
radical prostatectomy for clinically localized prostate 
cancer. J Urol 2003;169(2):517-523. 


53 


54 


59. 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


66 


67 


CHAPTER 17 PROSTATE CANCER: LOCALIZED 


Stephenson AJ, Kattan MW, Eastham JA, et al. Pros- 
tate cancer-specific mortality after radical prostatectomy 
for patients treated in the prostate-specific antigen era. 
J Clin Oncol 2009;27(26):4300-4305. 

Eggener SE, Scardino PT, Walsh PC, et al. Predicting 15- 
year prostate cancer specific mortality after radical pros- 
tatectomy. J Urol 2011;185(3):869-875. 

D’Amico AV, Whittington R, Malkowicz SB, et al. 
Biochemical outcome after radical prostatectomy, ex- 
ternal beam radiation therapy, or interstitial radiation 
therapy for clinically localized prostate cancer. JAMA 
1998;280(11):969-974. 

National Comprehensive Cancer Network Clinical Prac- 
tice Guidelines in Oncology version 2013. Available at 
http://www.nccn.org/professionals/physician_gls/pdf/ 
prostate.pdf (Last accessed 1 June 2013). 

Wilt TJ, MacDonald R, Rutks I, et al. Systematic re- 
view: comparative effectiveness and harms of treatments 
for clinically localized prostate cancer. Ann Inter Med 
2008;148(6):435-448. 

Miller DC, Gruber SB, Hollenbeck BK, Montie JE, Wei 
JT. Incidence of initial local therapy among men with 
lower-risk prostate cancer in the United States. J Natl 
Cancer Inst 2006;98(16):1134-1141. 

Tosoian JJ, Trock BJ, Landis P, et al. Active surveillance 
program for prostate cancer: an update of the Johns Hop- 
kins experience. J Clin Oncol 2011;29(16): 2185-2190. 
Klotz L, Zhang L, Lam A, et al. Clinical results of long-term 
follow-up of a large, active surveillance cohort with local- 
ized prostate cancer. J Clin Oncol 2009;28(1):126-131. 
Ross AE, Loeb S, Landis P, et al. Prostate-specific antigen 
kinetics during follow-up are an unreliable trigger for 
intervention in a prostate cancer surveillance program. 
J Clin Oncol 20103;28(17):2810-2816. 

Klotz LH, Choo R, Morton G, Danjoux C Expectant man- 
agement with selective delayed intervention for favorable- 
risk prostate cancer. Can J Urol 2002; 9(Suppl 1):2-7. 
Suardi N, Briganti A, Gallina A, et al. Testing the most 
stringent criteria for selection of candidates for active 
surveillance in patients with low-risk prostate cancer. 
BJU Int 2010;105(11):1548-1552. 

Schaeffer EM, Loeb S, Walsh PC. The case for open radi- 
cal prostatectomy. Urol Clin North Am. 37(1):49-55, 
Table of Contents. 

Walsh PC, Lepor H, Eggleston JC. Radical prostatectomy 
with preservation of sexual function: anatomical and 
pathological considerations. Prostate 1983;4(5):473-485. 
Schuessler WW, Schulam PG, Clayman RV, Kavoussi 
LR. Laparoscopic radical prostatectomy: initial short- 
term experience. Urology 1997;50(6):854—-857. 
Guillonneau B, Vallancien G. Laparoscopic radical pros- 
tatectomy: initial experience and preliminary assessment 
after 65 operations. Prostate 1999;39(1):71-75. 


147 


SECTION 6 ONCOLOGY 


68 


69 


70 


71 


72 


73 


74 


75 


76 


77 


78 


Kang DC, Hardee MJ, Fesperman SF, Stoffs TL, Dahm P. 
Low quality of evidence for robot-assisted laparoscopic 
prostatectomy: results of a systematic review of the pub- 
lished literature. Eur Urol 2010;57(6):930-937. 
Farnham SB, Webster TM, Herrell SD, Smith JA, Jr. In- 
traoperative blood loss and transfusion requirements for 
robotic-assisted radical prostatectomy versus radical ret- 
ropubic prostatectomy. Urology 2006;67(2):360-363. 
Bill-Axelson A, Holmberg L, Ruutu M, et al. Radical 
prostatectomy versus watchful waiting in early prostate 
cancer. N Engl J Med 2011;364(18):1708-1717. 
Alemozaffar M, Regan MM, Cooperberg MR, et al. Pre- 
diction of erectile function following treatment for pros- 
tate cancer. JAMA 2011;306(11):1205-1214. 

Secin FP, Jiborn T, Bjartell AS, et al. Multi-institutional 
study of symptomatic deep venous thrombosis and pul- 
monary embolism in prostate cancer patients undergo- 
ing laparoscopic or robot-assisted laparoscopic radical 
prostatectomy. Eur Urol 2008;53(1):134-145. 

Hoffman RM, Hunt WC, Gilliland FD, Stephenson 
RA, Potosky AL. Patient satisfaction with treatment 
decisions for clinically localized prostate carcinoma. Re- 
sults from the Prostate Cancer Outcomes Study. Cancer 
2003397(7):1653-1662. 

Bolla M, Van Tienhoven G, Warde P, et al. External irra- 
diation with or without long-term androgen suppression 
for prostate cancer with high metastatic risk: 10-year 
results of an EORTC randomised study. Lancet Oncol 
2010;11(11):1066-1073. 

Cooperberg MR, Vickers AJ, Broering JM, Carroll 
PR. Comparative risk-adjusted mortality outcomes 
after primary surgery, radiotherapy, or androgen- 
deprivation therapy for localized prostate cancer. Cancer 
116(22):5226-5234. 

Zelefsky MJ, Eastham JA, Cronin AM, et al. Metastasis 
after radical prostatectomy or external beam radiother- 
apy for patients with clinically localized prostate cancer: 
a comparison of clinical cohorts adjusted for case mix. J 
Clin Oncol 2010;28(9):1508-1513. 

Nielsen ME, Makarov DV, Humphreys E, et al. Is it pos- 
sible to compare PSA recurrence-free survival after sur- 
gery and radiotherapy using revised ASTRO criterion— 
“nadir +2”? Urology 2008;72(2):389-393; discussion 
394-395. 

Roach M, 3rd, Hanks G, Thames H, Jr., et al. Defin- 
ing biochemical failure following radiotherapy with or 


148 


79 


80 


81 


82 


83 


84 


85 


86 


87 


without hormonal therapy in men with clinically local- 
ized prostate cancer: recommendations of the RTOG- 
ASTRO Phoenix Consensus Conference. Int J Radiat 
Oncol Biol Phys 2006;65(4):965-974. 

Babaian RJ, Donnelly B, Bahn D, et al. Best practice 
statement on cryosurgery for the treatment of localized 
prostate cancer. J Urol 2008;180(5):1993-2004. 

Ward JF, Jones JS. Focal cryotherapy for localized pros- 
tate cancer: a report from the national Cryo On-Line 
Database (COLD) Registry. BJU Int 2011;109(11): 
1648-1654. 

Caso JR, Tsivian M, Mouraviev V, Kimura M, Polas- 
cik TJ. Complications and postoperative events after 
cryosurgery for prostate cancer. BJU Int 2011;109(6): 
840-845. 

Dhar N, Ward JE, Cher ML, Jones JS. Primary full-gland 
prostate cryoablation in older men (> age of 75 years): 
results from 860 patients tracked with the COLD 
Registry. BJU Int 2011;108(4):508-12. 

Uchida T, Shoji S, Nakano M, et al. Transrectal high- 
intensity focused ultrasound for the treatment of local- 
ized prostate cancer: eight-year experience. Int J Urol 
2009;16(11):881-6. 

Vallancien G, Prapotnich D, Cathelineau X, Baumert H, 
Rozet F Transrectal focused ultrasound combined with 
transurethral resection of the prostate for the treatment 
of localized prostate cancer: feasibility study. J Urol 
2004;171(6 Pt 1):2265-2267. 

Uchida T, Nakano M, Hongo §, et al. High-intensity fo- 
cused ultrasound therapy for prostate cancer. Int J Urol 
2011319(3):187-201. 

Yoon GS, Wang W, Osunkoya AO, et al. Residual tu- 
mor potentially left behind after local ablation thera- 
py in prostate adenocarcinoma. J Urol 2008;179(6): 
2203-2206; discussion 2206. 

Eggener SE, Scardino PT, Carroll PR, et al. Focal ther- 
apy for localized prostate cancer: a critical appraisal 
of rationale and modalities. J Urol 2007;178(6): 
2260-2267. 


Answers to multiple choice questions 


Ne 
roa 


Prostate cancer: treatment of 
metastatic disease 


John B. Eifler 


The James Buchanan Brady Urological Institute and Department of Urology, The Johns Hopkins School of 


Medicine, Baltimore, MD, USA 


KEY POINTS 


Prostate cancer cells are exquisitely sensitive to androgen. 
Castration leads to clinical improvement in the majority of 
men with metastatic prostate cancer. 

Chronic activation of the luteinizing hormone-releasing 
hormone (LHRH) receptor leads to downregulation of the 
receptor, resulting in low serum LH and testosterone levels. 
Antiandrogens inhibit the androgen receptor directly and 
can be steroidal or nonsteroidal agents. 

The majority of patients do not require imaging prior to 
therapy for localized prostate cancer. 

Androgen deprivation has long-term adverse effects, 
including osteoporosis, erectile dysfunction, decreased 
libido, decreased muscle mass, gynecomastia, increased 
risk of metabolic syndrome, and cardiovascular events. 


e For men who fail androgen deprivation, taxane-based 
chemotherapy has been shown to improve disease- 
specific survival. 

Abiraterone inhibits androgen synthesis and has been 
shown to improve survival in men who fail docetaxel- 
based regimens. 

Sipuleucel-T is an immunotherapy recently approved 
by the FDA for men with asymptomatic or minimally 
symptomatic metastatic prostate cancer. 
Bisphosphonate therapy has been shown to decrease 
osteoporosis and skeletal-related events in men on 
androgen deprivation therapy. 

Spinal cord compression should be treated with 
immediate high-dose dexamethasone. 


CASE STUDY 1 


A 60-year-old man is diagnosed with Gleason 4 + 4 = 8 
prostate cancer with PSA 108 ng/mL. Bone scan and 
CT scan are negative for metastatic disease. He is started 
on an LHRH agonist (leuprolide) and his PSA decreases 
to the undetectable range. Serum testosterone is 49 ng/dL. 
After 8 months of therapy, his serum PSA rises to 9 ng/mL. 
Bicalutamide is added to his regimen and again his PSA 
returns to undetectable levels, though the patient reports 
fatigue, lethargy, decreased muscle mass, gynecomastia, 
and erectile dysfunction. After 18 months, his PSA is seen 
to rise to 30 ng/mL. Repeat bone scans and CT scans are 
negative. Bicalutamide is discontinued, and his serum PSA 
decreases to 15 ng/mL. On re-check 3 months later, his 
PSA has risen to 50 ng/mL, and abiraterone is initiated 


with prednisone, resulting in undetectable PSA. His PSA 
begins rising after 6 months of abiraterone therapy, and by 
12 months, it reaches 250 ng/mL. Bone scan reveals several 
metastases throughout the lumbar vertebrae as well as the 
right ischium. Abiraterone is discontinued, and he begins 
docetaxel chemotherapy as well as alendronate to decrease 
pathologic fractures. His PSA decreases to 100 ng/mL 
and his vertebral metastases decrease in size. On repeat 
imaging after 3 months, several new osteoblastic lesions 
are seen throughout the bony skeleton, and CT reveals 
multiple enlarged pelvic and retroperitoneal lymph nodes. 
The patient’s creatinine has risen to 3.5, precluding fur- 
ther chemotherapy. He elects to enter home hospice, and 
3 weeks later he expires. 
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CASE STUDY 2 


A 55-year-old man with widely metastatic prostate cancer 
presents to the emergency department with severe back 
pain and leg weakness. PSA is 588 ng/mL in the ED, and 
MRI of the thoracic and lumbar spine reveals epidural 


metastasis with spinal cord compression. High-dose IV dex- 
amethasone is administered. Over the subsequent 2 weeks, 
the dexamethasone is tapered, and the patient undergoes 
palliative radiation therapy 1 week after presentation. 


Introduction 


Suppression of gonadal testosterone is the mainstay of 
treatment of metastatic prostate cancer and is effective 
in decreasing tumor burden and serum prostate-specific 
antigen (PSA). However, almost all patients will devel- 
op progression of disease, even if testosterone is kept at 
castrate levels (<50 ng/dL). Unfortunately, combination 
chemotherapy has been largely unsuccessful for meta- 
static prostate cancer to date. With effective therapy, 
the progression-free survival for patients with meta- 
static prostate cancer ranges from 12 to 20 months, 
while the overall survival ranges from 24 to 36 months. 

How does prostate cancer survival escape andro- 
gen deprivation therapy (ADT)? Evidence suggests 
that surviving cells possess somatic alterations in the 
androgen receptor which may allow activation in the 
absence of androgens [1]. 


Detection of metastatic disease 


The most common site of metastasis is bone, and al- 
most all patients with metastatic disease will have bone 
metastases. Visceral metastases are rare with prostate 
cancer, even late in the disease course. They are found in 
<10% of patients in most chemotherapy studies, while 
lymph node metastases are present in roughly 20% of 
affected patients. When visceral metastases are present, 
lung and liver are the most prevalent sites [2, 3]. 

The National Comprehensive Cancer Network rec- 
ommends bone scan in men with high-risk prostate 
cancer by D’Amico criteria as well as in men with 
serum PSA > 10 and palpable disease. Furthermore, 
men should undergo pelvic CT or MRI to evaluate for 
lymph node metastasis if a prostate cancer nomogram 
(e.g., Partin tables) predicts a probability of lymph 
node metastasis >20% [4]. 

In men with rising PSA after definitive therapy 
for localized disease, the timing of initiation of 
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ADT remains controversial (early vs. delayed). At 
our institution, delayed therapy is favored to pre- 
vent the side effects of ADT without compromis- 
ing survival (for detailed analysis, see later). In our 
experience, the serum PSA at which patients will 
demonstrate bone scan-detectable metastases is 
variable, with a median PSA level at detection of 
metastasis of 31.9 ng/mL. However, 25.9% of men 
were found to have bone metastases when PSA was 
below 10 ng/mL, precluding a cut-off at which men 
should be screened for metastasis [5]. Thus, men 
with biochemical recurrence should be screened 
with regular bone scans so that ADT may be initi- 
ated in a timely fashion. 


Hormone-naive disease 


Benign and malignant prostatic epithelia atrophy in 
the absence of androgens. Charles Huggins demon- 
strated clinical improvement in 21 patients with ad- 
vanced or metastatic prostate cancer after castration 
in 1941, providing the precedent for the contempo- 
rary management of patients with advanced or meta- 
static disease, ADT [6]. Huggins received the Nobel 
Prize for this discovery in 1966. In patients receiving 
ADT, androgens originating from the adrenal gland 
(17-ketosteroids) are elevated in serum, and the wide 
majority of patients treated with ADT eventually fail. 
The following discussion highlights major classes of 
pharmaceuticals used for androgen deprivation, as 
well as the side-effect profile. 

Initial ADT commonly involved disruption of the 
hypothalamic—pituitary axis by decreasing the release 
of luteinizing hormone (LH). The initial pharmaceu- 
ticals used for ADT were estrogen derivatives, taking 
advantage of the potent inhibition of LH secretion 
caused by estrogen. Diethylstilbestrol was widely used 
for this purpose, though cardiac toxicity is significant 
and limits the utility of these agents [7]. 
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Bilateral orchiectomy 


Traditionally, ADT was effected with bilateral surgi- 
cal orchiectomy, which rapidly reduces serum testos- 
terone and alleviates symptoms of metastatic disease. 
However, randomized clinical trials demonstrated 
that diethylstilbestrol had similar efficacy to surgical 
castration [8, 9]. 


Luteinizing hormone-releasing hormone agonists 
and antagonists 


Luteinizing hormone-releasing hormone (LHRH) ag- 
onists were discovered in the early 1970s, and though 
the initial effect is a surge in LH secretion, long-term 
administration leads to castrate levels of testosterone. 
Chronic activation of the LHRH receptors leads to 
downregulation, resulting in selective medical hy- 
pophysectomy [10]. LHRH agonists remain the 
mainstay of ADT and are often the first agents em- 
ployed [11]. Examples include leuprolide and goser- 
elin. Long-term results of these therapies have been 
found to be similar to surgical castration [12]. 

Initiation of LHRH agonist therapy should be avoid- 
ed in men with impending spinal cord compression or 
bone pain due to the testosterone flare effect, which 
lasts 10-20 days. Coadministration of an antiandrogen 
will ameliorate the flare phenomenon though not elim- 
inate it [13]. Alternatively, one could choose an LHRH 
antagonist (e.g., abarelix), which prevents the release of 
LH and has no flare phenomenon. Rarely, severe side ef- 
fects have been associated with abarelix use, and it was 
only approved for use in patients who cannot take other 
hormonal agents and refuse surgical castration. How- 
ever, recently another LHRH antagonist, degarelix, was 
shown to be equivalent to leuprolide monotherapy and 
was approved in the United States [14]. 


Antiandrogens 


A second effective strategy involves competitively in- 
hibiting the binding of testosterone to the androgen 
receptor using a class of molecules termed antiandro- 
gens. Antiandrogens are further classified as steroidal 
or nonsteroidal, with nonsteroidal agents having an 
improved side-effect profile (less loss of libido or erec- 
tile dysfunction). 

Steroidal agents inhibit central receptors in the hy- 
pothalamus as well as peripheral androgen receptors 


(AR) and are associated with low testosterone levels. 
The most prominent of these agents is cyproterone 
acetate. Side effects include erectile dysfunction, loss 
of libido, and up to 10% of patients can have severe 
cardiac complications, limiting the utility of these 
agents. 

Nonsteroidal agents block the binding of AR not 
only in target organs but also in the hypothalamus 
and pituitary, inhibiting the negative feedback loop 
and resulting in increased LH and testosterone, 
which is converted to estrogens in the periphery. 
One benefit of the increased testosterone is mainte- 
nance of erectile function; however, the increased es- 
trogen level may cause painful gynecomastia. Other 
side effects may include diarrhea and liver toxicity. 
Examples include flutamide, bicalutamide, and nilu- 
tamide. A couple of notes on antiandrogen studies 
warrant mention here. Antiandrogen monotherapy 
has been shown to be inferior to medical or chemical 
castration [15, 16], though high-dose bicalutamide 
(15 mg/day) has been shown to have equivalent ef- 
ficacy to castration [17]. However, in men with low- 
risk, localized prostate cancer, overall survival is 
worse with bicalutamide than with watchful waiting 
(see later). 

A novel androgen receptor antagonist, MDV3100, 
binds to the androgen receptor and blocks transloca- 
tion of the AR to the nucleus. Unlike other antian- 
drogens (see later the discussion of antiandrogen 
withdrawal syndrome), MDV3100 does not have 
agonist properties for the androgen receptor. Phase 
Ill studies evaluating the efficacy of this agent are 
ongoing [18]. 


Inhibition of androgen synthesis 


Ketoconazole, the widely used antifungal agent, inter- 
feres with the cytochrome P450 pathway and po- 
tently inhibits androgen synthesis, blocking the con- 
version of C21 to C19 steroids [19]. Castrate levels 
of testosterone are reached within 4 hours of admin- 
istration, faster than either antiandrogens or LHRH 
agonists [20]. Ketoconazole is commonly used in two 
settings. First, men who fail first-line ADT will often 
respond to ketoconazole. Secondly, men with meta- 
static disease with impending catastrophe (e.g., spinal 
cord compression or severe bone pain) will often re- 
ceive ketoconazole due to the rapid decrease seen in 
serum testosterone. Side effects include gynecomastia, 
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weakness, hepatic dysfunction, and visual changes 
[21]. It should be administered with hydrocortisone 
to prevent adrenal insufficiency. 

A potent inhibitor of androgen synthesis, abirater- 
one, is a pregnenolone derivative that inhibits cyto- 
chrome P17, causing an increase in aldosterone and a 
simultaneous decrease in cortisol and androgens. Tes- 
tosterone levels fall to <1 ng/mL, less than that seen 
with any other pharmaceutical or surgical castration. 
Side effects have included hypertension, hypokalemia, 
and peripheral edema [22]. 


Side effects of androgen ablation 


Androgen deprivation causes profound systemic 
changes, including osteoporosis, hot flashes, erectile 
dysfunction, decreased libido, decreased muscle mass, 
gynecomastia, anemia, increased risk of metabolic 
syndrome (>50%) [23], and cardiovascular events. A 
large, population-based cohort study suggested that 
men receiving ADT for at least 1 year had a 20% in- 
creased risk of cardiovascular morbidity to matched 
prostate cancer patients not on ADT [24]. ADT caus- 
es significant morbidity and mortality and must be 
used discriminately. 


Natural history of response to androgen deprivation 


Though the majority of men with metastatic prostate 
cancer will have a clinical response to ADT, most will 
eventually fail ADT. Factors that predict the durability 
of response include the magnitude of drop in PSA as 
well as the speed with which the PSA decreases. For 
instance, patients are far more likely to show no sign 
of PSA progression if they reach an undetectable PSA 
with ADT [25], and rate of PSA declines after ADT 
predicts cancer-specific mortality [26]. It remains un- 
clear whether early use of ADT (before men are symp- 
tomatic or have bone scan-demonstrated metastasis) 
improves survival over delaying therapy until onset of 
symptoms [27]. 


When should androgen deprivation 
treatment be initiated? 


While ADT clearly lowers PSA and can lead to clini- 
cal responses, adverse effects of ADT can be onerous 
and affect quality of life. Some authors have recom- 
mended delaying initiation of ADT until patients have 
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demonstrated metastatic disease to delay onset of the 
side effects [28]. 

It remains unclear whether early use of ADT (be- 
fore men are symptomatic or have bone scan-dem- 
onstrated metastasis) improves survival over delayed 
therapy only with symptomatic disease [27]. Perhaps, 
this was best demonstrated in the Veterans Adminis- 
tration study of early ADT (VACURG I and II). Men 
treated prior to developing symptoms had no differ- 
ence in cancer-specific survival when compared to 
men who initiated therapy late [9]. In men who fail 
after radical prostatectomy, the median time to metas- 
tasis was 8 years and median time to prostate cancer- 
specific mortality was 14 years [29, 30]. Thus, delay- 
ing ADT may prevent the side effects of treatment for 
many years. Furthermore, men without metastatic 
disease may be harmed by treatment. Iversen et al. 
randomized men with localized disease to bicaluta- 
mide or placebo, finding an overall survival benefit to 
placebo [17]. 


Nonmetastatic castration-resistant 
disease 


Ultimately, the majority of men with metastatic 
prostate cancer will fail ADT. The term “castration- 
resistant prostate cancer” (CRPC) refers to disease 
that continues to progress despite castrate levels of 
testosterone. CRPC is typically characterized by a 
rising PSA despite therapy with antiandrogen and 
LHRH agonist. In these patients, information that 
should be ascertained includes number and sites of 
metastasis, serum PSA level, and prior therapy. 

When patients become castration resistant, they 
can remain without metastasis as well, and it may 
take many years before evidence of metastasis de- 
velops [31]. In one particular study, only 33% 
of patients had bone scan-positive lesions after 
2 years [31]. 

Treatment for patients with castration-resistant 
disease is controversial, and few randomized trials are 
presently available to guide treatment. Fortunately, 
several new agents designed to treat CRPC have re- 
cently been approved by the FDA and are entering 
clinical practice (see later). 

Once a patient on LHRH agonists and/or antian- 
drogens has a rising PSA (and the finding is repro- 
duced with repeat PSA testing), a frequently utilized 
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technique is to continue LHRH agonists while discon- 
tinuing antiandrogens. 

Cessation of antiandrogen therapy may be associat- 
ed with a clinically significant decrease in PSA and oc- 
casionally decreased tumor burden for patients with 
bone or visceral metastases [32]. Thus, in patients on 
combined LHRH agonists and antiandrogens with 
a rising PSA, the antiandrogen should be discontin- 
ued before attempting other therapies. The median 
duration of this effect is 3.5-5 months [33]. After 
PSA begins to rise, either second-line ADT (ketocona- 
zole or abiraterone) or cytotoxic chemotherapy has 
traditionally been considered. For patients with low 
metastatic burden, second-line androgen deprivation 
is often preferred. 

Recently, sipuleucel-T has been approved by the 
FDA for treatment of patients with asymptomatic or 
minimally symptomatic metastatic CRPC. This agent 
is an immunotherapy, produced by harvesting a pa- 
tient’s circulating mononuclear cells and incubating 
with GM-CSF and a purified prostate cancer anti- 
gen (PA2024, based on prostatic acid phosphatase) 
[34]. The agent is hypothesized to stimulate the im- 
mune system to slow the progress of prostate cancer. 
In a phase 3 randomized, placebo-controlled trial 
(IMPACT), sipuleucel-T improved median overall 
survival from 21.7 to 25.8 months (HR 0.78, p = 
0.03) [35]. Some authors have questioned the study 
design and hypothesized that the results may have a 
previously unrecognized bias [36], that dead cells may 
have been given to controls and lead to an artifactual 
benefit for patients receiving sipuleucel-T. Side effects 
of sipuleucel-T included fever and chills, headaches, 
myalgia, flu-like symptoms, hyperhidrosis, and groin 
pain [35]. 


Chemotherapy for metastatic or 
hormone-refractory prostate cancer 


Chemotherapy with docetaxel and prednisone has 
been shown to improve survival in patients with 
metastatic prostate cancer. Docetaxel is thought to 
inhibit microtubule elongation and promote apo- 
ptosis preferentially in tumor cells. In a large rand- 
omized-controlled trial (RCT) (TAX 327) comparing 
docetaxel to the previous mainstay of chemotherapy, 
mitoxantrone, docetaxel improved median survival 
from 16.4 to 17.8 months (HR 0.83, p = 0.03) for 


weekly dosing to 19.2 months when the agent was 
given every 3 weeks [3]. 

In patients who have progressed after using doc- 
etaxel, mitoxantrone and prednisone have tra- 
ditionally been the mainstay of treatment. Recently, 
a novel taxane chemotherapeutic agent, cabazitaxel, 
was approved by the FDA for metastatic CRPC in 
patients who previously failed docetaxel. In a phase 
3 RCT (TROPIC), patients taking cabazitaxel had a 
median overall survival of 15.1 months, compared 
to 12.7 months for those taking mitoxantrone (HR 
0.70, p < 0.0001) [37]. Side effects of cabazitaxel in- 
cluded neutropenia (82%), febrile neutropenia (8%), 
and diarrhea (6%). 

A CYP17A inhibitor, abiraterone, has also been 
approved by the FDA for men with CRPC who fail 
docetaxel. In the COU 301 trial, men with CRPC 
who failed docetaxel were randomized to abiraterone 
+ prednisone versus prednisone alone. Abiraterone 
improved overall survival from 10.9 to 14.8 months 
(HR 0.54, p < 0.001) [38]. Side effects of abirater- 
one included fluid retention, hypokalemia, severe hy- 
pertension, cardiac abnormalities, and elevated liver 
function enzymes. 


Use of agents to decrease 
skeletal-related events 


Bone metastasis requires disruption of the normal 
bone homeostasis. ADT is associated with bone min- 
eral loss. Metastatic prostate cancer cells may lead 
to bone matrix resorption, and cytokines induced 
by systemic malignancy may increase osteoclast and 
osteoblast activities. Pharmacologic approaches to 
decrease bone metastases and morbidity from skele- 
tal-related events (SRE), such as pain and pathologic 
fractures, are an important consideration in patients 
with advanced disease. 

Bisphosphonate therapy, using compounds such as 
zoledronate, has been shown to improve bone min- 
eral density in men on long-term androgen depri- 
vation [39] and to decrease the incidence of SRE in 
men with CRPC metastatic to bone [40]. Saad et al. 
evaluated the incidence of SRE for 122 patients with 
CRPC metastatic to bone randomized to zoledronate 
or placebo, finding after 2 years a decreased incidence 
of SRE in men who received zoledronate (38% vs. 
49%, p = 0.028) [40]. In general, bisphosphonate 
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therapy is only indicated in patients demonstrated to 
have bony metastases. Side effects of bisphosphonates 
include myalgias and fatigue, though rarely osteone- 
crosis of the mandibular bone may occur with these 
medications, particularly in those who undergo den- 
tal work or have poor dentition. 

In recent years, inhibitors of the receptor activator 
of NF«B ligand (RANKL) have gained prominence in 
an effort to decrease SRE. These agents decrease oste- 
oclast activity im vitro and in vivo. In a phase 3 RCT, 
a monoclonal antibody against RANKL (denosumab) 
was compared to zoledronate in bisphosphonate-na- 
ive patients with metastatic CRPC. Men using deno- 
sumab had increased time to their first SRE compared 
to men using zoledronate (20.7 vs. 17.1 months, p = 
0.008) [41]. Side effects of denosumab include fatigue, 
hypocalcemia, hypophosphatemia, nausea, and oste- 
onecrosis of the jaw (2%). Patients taking denosumab 
should concurrently take calcium and Vitamin D. 


Palliative measures 
Bone pain 


Men with CRPC and skeletal metastases may face fo- 
cal bone pain, which is typically controlled by exter- 
nal beam radiation therapy. Of note, lesions on bone 
scan should be assessed with X-ray or MRI to assess 
for pathologic fractures [42]. 


Treatment of cord compression 


Signs of cord compression include problems with 
ambulation (leg weakness), fecal and/or urinary in- 
continence, and back pain. Prompt treatment is criti- 
cal to prevent irreparable damage. Typically, these 
lesions arise from the vertebrae and are seen on bone 
scan, but lesions arising from the soft tissue sur- 
rounding the spinal cord are missed with bone scan. 
Thus, patients with signs and symptoms of cord 
compression and negative bone scan should undergo 
spinal MRI [42]. 

When cord compression is confirmed, high-dose 
dexamethasone is used for initial management. Ulti- 
mately, radiation therapy is used for definitive man- 
agement. For men whose lesions are refractory to 
radiation or for recurrent disease, surgery may be in- 
dicated depending on prognosis [43]. 
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WHAT TO AVOID/KEY PITFALLS 


e LHRH agonists initially cause testosterone levels to in- 
crease. Thus, LHRH agonist monotherapy should be 
avoided in patients with bone pain or other symptoms 
of metastatic disease. 

e Nonsteroidal antiandrogens such as bicalutamide 
and flutamide cause an increase in serum testosterone 
levels. Men taking these agents will maintain erectile 
function, though they may face loss of libido. 

e For men on an antiandrogen who experience a rise in 
PSA, the next step in management should be discon- 
tinuation of the antiandrogen. 

e Men on ADT and bisphosphonates who present with jaw 
pain should be worked up for osteonecrosis of the jaw 
and should stop bisphosphonate therapy immediately. 

e Men presenting with severe bone pain or impending 
spinal cord compression should be given high-dose 
dexamethasone. 


KEY WEB LINKS 


National Comprehensive Cancer Network 
Guidelines in Oncology; Prostate Cancer 
http://www.nccn.org/professionals/physician_gls/pdf/ 
prostate. pdf 


American Cancer Society: Hormone (Androgen 
Deprivation) Therapy for Prostate Cancer 
http://www.cancer.org/Cancer/ProstateCancer/ 
DetailedGuide/prostate-cancer-treating-hormone-therapy 


American Cancer Society: Chemotherapy for 
Prostate Cancer 
http://www.cancer.org/Cancer/ProstateCancer/ 
DetailedGuide/prostate-cancer-treating-chemotherapy 


Multiple choice questions 


1 A 55-year-old man was started on bicalutamide for 
metastatic prostate cancer. Three months after initia- 
tion of therapy, his serum LH, testosterone, and estra- 
diol levels should be 
a LH increased, testosterone increased, estradiol 
increased 
b LH increased, testosterone increased, estradiol 
decreased 
c LH decreased, testosterone decreased, estradiol 
decreased 
d LH decreased, testosterone increased, estradiol 
increased 
e LH increased, testosterone decreased, estradiol 
decreased 
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2 A 50-year-old man with metastatic prostate cancer is 
treated with leuprolide and bicalutamide. Three years 
after starting therapy, his PSA increases from undetect- 
able to 5.5. Bone scan remains negative. The next step is 


a Continue current therapy, start docetaxel and 


prednisone 

b Stop current therapy, start docetaxel and 
prednisone 

c Stop current therapy, start ketoconazole and 
prednisone 


d Continue leuprolide, stop bicalutamide 
e Sipuleucel-T, acetaminophen, and 
diphenhydramine 
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Answers to multiple choice questions 


1 a LH increased, testosterone increased, estra- 
diol increased. Bicalutamide is a nonsteroidal an- 
tiandrogen, which competitively inhibits the AR. 
Men taking these agents (bicalutamide, flutamide, 
nilutamide) should expect an increase in LH and 
testosterone due to inhibition of the feedback loop 
in the hypothalamus and pituitary. As a result, men 
taking bicalutamide will typically have maintained 
erectile function, though libido will be decreased 
significantly. Increased estradiol levels lead to 
gynecomastia. 

2 d Continue leuprolide, stop bicalutamide. Leu- 
prolide is an LHRH agonist, while bicalutamide is 
a (nonsteroidal) antiandrogen. Antiandrogens have 
slight agonist effects on the AR, and discontinua- 
tion of antiandrogens in this setting often result in 
a decrease in PSA level that may last 3-5 months 
(the antiandrogen withdrawal phenomenon). After 
discontinuing bicalutamide, if PSA levels begin to 
rise again, ketoconazole or abiraterone should be 
initiated. 


Benign prostatic hyperplasia 
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KEY POINTS 


Benign prostatic hyperplasia (BPH) is a histologic 
diagnosis characterized by an increased number of 
prostatic stromal cells within the transition zone of the 
prostate. 

Testosterone is converted to dihydrotestosterone 
(DHT) in prostate cells by the enzyme 5a-reductase. 
Inhibition of this enzyme reduces the size of the 
prostate. 

Initial evaluation of BPH should include history and 
physical examination including digital rectal examination, 
as well as urinalysis. 

Treatment options include watchful waiting, medical 
therapy, and surgical therapy. 


Combination therapy with an a@-blocker and a 
5qa-reductase inhibitor is superior to therapy with either 
agent alone. 

Prostate surgery should be considered in men with 
moderate-to-severe lower urinary tract symptoms (LUTS) 
with a high degree of urinary bother who have either 
failed or declined medical management. Indications 

for surgery also include recalcitrant urinary retention, 
recurrent urinary infections, bladder stones, persistent 
gross hematuria secondary to BPH, and renal insufficiency 
secondary to BPH. 

Surgical options include transurethral procedures or 
simple prostatectomy. 


CASE STUDY 1 


A 65-year-old man presents to the urology clinic with in- 
complete emptying, weak stream, urinary frequency, ur- 
gency, and frequency. The symptoms have been increasing 
in severity over the past 9 months. He denies fevers, chills, 
gross hematuria, and has no history of previous urinary 
tract infection. Past medical history is significant for diabe- 
tes mellitus with peripheral neuropathy. Physical examina- 
tion reveals no abdominal distention while digital rectal 
examination (DRE) demonstrates a 50 cc prostate which is 
smooth in contour with no palpable masses. A urinalysis is 
negative for blood, leukocyte esterase, and nitrites. An In- 
ternational Prostate Symptom Score (I-PSS) questionnaire 
is given to the patient, demonstrating a score of 19. After 
discussing treatment options, he is started on tamsulosin. 


After 5 hours, the patient comes to the emergency 
department for inability to urinate. A Foley catheter is 
inserted with difficulty and 950 cc of clear yellow urine 
is drained from the bladder. The patient reports tak- 
ing dextromethorphan for cold symptoms earlier in the 
evening. He is discharged home with the Foley catheter 
in place. 

Ten days after his ED visit, he presents in the urology 
clinic. His bladder is filled with 200 cc sterile normal saline 
and the catheter is removed. After 3 hours, he remains un- 
able to void. Pressure flow studies demonstrate a peak flow 
rate of 5 mL/s with detrusor pressure and maximum flow 
of 60 cm water. The patient is scheduled for photovapori- 
zation of the prostate. 
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CASE STUDY 2 


A 78-year-old man presents to the ED with urinary reten- 
tion. Bladder scan demonstrates 600 cc in the bladder. 
A catheter is inserted and copious dark red urine drains 
along with clots. The catheter is irrigated, evacuating 
a large clot burden. He is placed on continuous bladder 
irrigation (CBI) and after discussing risks and benefits of 


a variety of treatments, he is started on finasteride. After 
3 days, his urine is yellow and his CBI has been stopped. 
His catheter is removed and he voids without difficulty. He 
is continued on finasteride and scheduled for follow-up in 
the urology clinic. 


Introduction 


Benign prostatic hyperplasia (BPH) is a pathologic 
entity common in older men. The prostate tissue is 
composed of two basic elements: a glandular element 
composed of secretory ducts and acini and a stromal 
element composed primarily of collagen and smooth 
muscle. In BPH, unregulated cellular proliferation 
leads to increased prostate volume and increased stro- 
mal smooth muscle tone; this, in turn, causes physical 
compression of the urethra and mechanical obstruc- 
tion of the bladder outlet. Obstruction of the bladder 
outlet induces two pathological changes in the struc- 
ture of the bladder, which produce lower urinary tract 
symptoms (LUTSs). First, decreased bladder compli- 
ance causes urinary frequency and urgency. Second, 
decreased bladder muscle contractility—resulting 
from chronic tonicity as the bladder labors to over- 
come increased urethral pressure—causes urinary 
hesitancy, deterioration in the urinary stream, and 
increased residual urine. 


Etiology 


Histologically, an increased number of stromal and 
epithelial cells are seen in the transition zone of the 
prostate. Thus, hyperplasia is the appropriate term 
rather than hypertrophy. The causes for hyperplasia 
are multifactorial. Androgens promote cell prolif- 
eration and inhibit cell death in the prostate epithe- 
lium [1]. Furthermore, men who are castrated before 
puberty will not develop BPH, emphasizing the role 
on androgens during this time period [2, 3]. 

An analogue of testosterone, dihydrotestosterone 
(DHT), is the principal androgen within prostatic 
cells. Testosterone entering prostate cells is con- 
verted to DHT by an enzyme imbedded within the 
nuclear membrane called 5a-reductase (S-AR) [4]. 
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Men lacking 5-AR have atrophic prostate glands 
and female external genitalia [5]. Type 2 5-AR is the 
predominant enzyme in the prostate tissue, whereas 
type 1 5-AR is present in skin and liver. Inhibition 
of type 2 5-AR (e.g., by finasteride) is effective in 
reducing the size of the prostate for men with BPH, 
and additional inhibition of the type 1 receptor (by 
the nonselective inhibitor dutasteride) shows no 
additional reduction in prostate volume. Surpris- 
ingly, immunohistochemistry (IHC) studies have 
demonstrated that the type 2 5-AR is expressed pri- 
marily in prostatic stromal cells, not in prostatic epi- 
thelial cells [6]. Thus, stromal cells affect prostatic 
epithelial cells through a paracrine mechanism, and 
some hypothesize that interruptions of this relation- 
ship may result in BPH. 

Both testosterone and DHT bind to the androgen 
receptor, though DHT binds with higher affinity. 
The complex then enters the nucleus and alters the 
DNA expression profile of the cell [7]. Surprisingly, 
DHT levels are not higher in patients with BPH. 
Walsh et al. demonstrated that DHT levels were 
nearly identical in normal prostate tissue and in BPH 
tissue obtained from men who underwent open sur- 
gical procedures. 

Clearly there is a genetic component to BPH as 
well. Partin et al. studied the rate of BPH in monozy- 
gotic and dizygotic twins, finding the relative risk of 
BPH for monozygotic twins was 3.3 over dizygotic 
twins [8]. Young men with BPH are more likely 
than older men to have an inherited form of the 
disease [9]. Sanda et al. categorized men with three 
or more affected family members as having familial 
BPH, finding these men more likely to have large 
prostate size (mean 82 vs. 55 cc for men with spor- 
adic disease) [9]. Other factors hypothesized to play 
a role in the development of BPH include dysregula- 
tion of growth factors (such as FGF and IGF) and 
prostate inflammation. 


Pathophysiology 


Prostatic growth impinges upon the prostatic ure- 
thra and increases the pressure the bladder must 
overcome during micturition. Many symptoms from 
BPH are related to the chronic changes in the archi- 
tecture of the bladder caused by this obstruction of 
the urethra. 

BPH leads to nodule formation in the transition 
zone of the prostate, the region between the periu- 
rethral glands and the peripheral zone. The so-called 
“median lobe” enlargement that is often seen in BPH 
results from nodular formation in the periurethral 
glands at the bladder neck. As the prostate grows in 
size, it is compressed by the prostatic capsule, trans- 
mitting pressure to the urethra. Still, the relationship 
between the prostate size and symptoms is complex— 
not all men with an enlarged prostate will experi- 
ence LUTS, and not all men with LUTS will have an 
enlarged prostate. Shapiro et al. demonstrated that 
this observation may be partly explained by differ- 
ences in stromal-epithelial ratios between prostate 
nodules [10]. Histologic analysis of prostate nodules 
also demonstrates a significant amount of smooth 
muscle tissue [11], which likely also contributes to 
increased urethral resistance. Thus, BPH stroma is 
composed of both muscle elements and extracellular 
matrix and increased urethral resistance is both an 
active and passive process. 

Urethral resistance is also modulated by adrener- 
gic stimulation in the prostate. In human prostate 
samples from prostatectomy specimens, exposure to 
a-adrenergic agonists led to smooth muscle contrac- 
tion in the specimen [12]. Other studies demonstrated 
the predominance of the o,-adrenergic receptor in 
mediating this response [13]. 

Obstruction leads to chronic changes in the blad- 
der and progression of LUTS. Ultimately, if untreated, 
bladder decompensation may occur. Initially, the 
bladder responds with detrusor hypertrophy and 
is able to maintain the ability to empty. Over time, 
collagen deposition within the detrusor musculature 
occurs; these depositions appear as thick cords, called 
“trabeculations,” jutting from the bladder wall that 
are visible on cystoscopy. Collagen deposition leads to 
decreased bladder contractility and compliance [14]. 
Often, frequency and urgency symptoms occur in a 
decompensated bladder with decreased compliance. 
Relief of obstruction will reverse this process early 


CHAPTER 19 BENIGN PROSTATIC HYPERPLASIA 


in the disease course, but at some point, irreversible 
changes occur. In animal models of partial obstruc- 
tion, the time until this decompensation occurs is 
variable [14]. 

Complications of long-standing bladder obstruc- 
tion include bladder calculi, recurrent urinary tract 
infections (UTI), acute urinary retention, and irre- 
versible kidney injury [15]. If left untreated, LUTS 
tend to worsen with time. In the placebo arm of the 
Medical Therapy of Prostatic Symptoms (MTOPS) 
study of men with intermediate or severe symptoms 
as measured by the International Prostate Symptom 
Score (I-PSS), 14% of men in the placebo arm experi- 
enced >4 point increases in the I-PSS after 4 years, 
<1% had UTIs, and none experienced renal failure 
related to BPH [16]. Bladder calculi are rare, with 
only 1 of 276 people followed for 3 years with watch- 
ful waiting in one study [17]. Urinary incontinence 
is not uncommon in men with BPH, though it also 
occurs relatively commonly as a result of normal 
aging. Gross hematuria is a known complication of 
severe BPH and responds well to finasteride. In the 
MTOPS study, 2% developed acute urinary reten- 
tion. Risk factors include age, higher I-PSS, low max 
flow rate, high serum PSA, and enlarged prostate size. 
In patients who are followed for BPH, these compli- 
cations are rare. 


Epidemiology 


Strictly speaking, BPH is a histologic diagnosis, 
defined by stromoglandular hyperplasia [18]. Data 
from autopsy specimens suggest that men younger 
than 30 years rarely develop BPH, whereas roughly 
90% of men older than 80 years will have evidence 
of the disease [19]. The autopsy prevalence of BPH 
is similar in all countries and cultures that have 
been studied, though I-PSS scores vary substantially 
between cultures [18]. 

BPH manifests clinically as LUTS. In recent dec- 
ades, validated questionnaires have quantified LUTS 
and allowed comparison between individuals. The 
most widely used questionnaire is the I-PSS (previ- 
ously known as the American Urological Association 
Symptom Index). The prevalence of LUTS, as meas- 
ured by the I-PSS, increases with age and prostate size. 
Men in the Olmsted County Study cohort were found 
to have a 50% prevalence of moderate-to-severe 
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LUTS by their 70s [20]. Prostate size tends to increase 
throughout life, from approximately 25 cc for a man 
in his 30s to 45 cc for a man in his 70s. Though pros- 
tate size correlates significantly with the I-PSS score, 
the correlation is weak [21]. 

Several studies have evaluated the association 
between sedentary lifestyle and BPH. In the Health 
Professionals Follow-up Study, obesity was associ- 
ated with simple prostatectomy (OR 2.38), whereas 
walking more than 2 hours per week was associated 
with a decreased prevalence (OR 0.73) [22]. Men 
with obesity, diabetes, or elevated fasting plasma 
glucose were also found to be more likely to have 
an enlarged prostate in the Baltimore Longitudinal 
Study of Aging [23]. 


Diagnosis 


For a patient with LUTS, evaluation begins with a 
detailed history and physical examination as well as 
a urinalysis according to the AUA Guidelines [24]. 
History and physical examination is usually sufficient 
to establish the diagnosis. In the history, one should 
assess the history of LUTS, hematuria, UTI, urinary 
retention, exacerbation of symptoms by cold medi- 
cations or anticholinergics. A digital rectal exam- 
ination (DRE) should be performed to estimate the 
prostate size and assess for advanced prostate cancer. 
Also, neurologic status should be assessed by the anal 
sphincter tone, ambulatory status, and lower extrem- 
ity motor function. Urinalysis should be performed to 
screen for UTI or hematuria, either of which suggests 
a non-BPH etiology. 

Serum PSA testing should be offered to men with 
a greater than 10-year life expectancy for whom the 
result will inform the clinical plan of care. In addition 
to prostate cancer risk stratification, serum PSA also 
correlates with the risk of BPH progression and the 
need for surgery. The benefits and risks of PSA testing 
should be discussed. 

Men with storage symptoms (frequency, urgency, 
and nocturia) as the predominant component of 
their LUTS should have a urine cytology to screen 
for urothelial cell carcinoma. Serum creatinine and 
pressure flow studies are not recommended for 
routine initial evaluation in patients with LUTS [24]. 

The I-PSS quantifies the extent of symptoms 
and establishes a baseline prior to surgical or 
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pharmacologic therapy. By definition, men with I-PSS 
scores of 0-7 have mild, 8-19 moderate, and >19 
severe LUTS, respectively. Patient bother, measured 
with a single question on the I-PSS, is very important 
for selecting a management strategy. Bother scores of 
>3 suggest that treatment may be indicated. BPH may 
also be associated with frequent UTI, urinary reten- 
tion requiring catheterization, acute renal failure, 
bladder calculi, or gross hematuria. 

Urinary flow studies are often useful in patients pre- 
senting with LUTS. Peak flow rates (Qmax) <10 cc/s 
are abnormal and consistent with obstruction if the 
patient voids at least 150 mL. 

A postvoid residual (PVR) is a measure of how 
much urine remains in the bladder after the patient 
voids. It is not mandatory in all patients but should 
be considered in patients complaining of incomplete 
emptying. Of note, a large PVR may be associated 
with a higher failure rate with watchful waiting, 
though what PVR cutoff portends a poorer outcome 
remains unclear. 

A pressure flow study, or urodynamics, is an 
invasive test that may provide additional information 
about obstruction but is not indicated for routine 
evaluation of BPH. If the differential diagnosis 
includes detrusor hyporeflexia (e.g., in elderly men 
with diabetes), pressure flow study can assist in deter- 
mining whether the patient has adequate detrusor 
function. Urodynamics may also demonstrate unin- 
hibited detrusor contractions, which are associated 
with rapid BPH progression. Also, long-standing BPH 
may irreversibly injure the detrusor musculature, and 
men with persistent retention should have urodynam- 
ics to assess for detrusor contractility. 

Cystoscopy is not routinely performed for BPH but 
should be performed in men with hematuria, history 
of stricture disease or prior urinary tract surgery (to 
rule out stricture). 

Transrectal ultrasound (TRUS) may also be used to 
delineate volume and anatomy for surgical planning, 
particularly in men with very large prostates who may 
be candidates for simple prostatectomy. 


Treatment 
The treatment for BPH should aim to reduce LUTS 


and prevent adverse consequences of the disease such 
as acute urinary retention, UTI, bladder stones, and 


renal insufficiency. Noninvasive or surgical therapies 
may be appropriate depending on the individual cir- 
cumstances. 


Watchful waiting 


Men with elevated LUTS without substantial bother 
(usually bother score <4 on the I-PSS) may appro- 
priately select watchful waiting. Behavioral modifi- 
cations with limiting fluid intake (particularly in the 
evening), eliminating caffeine intake, and double 
voiding prior to bedtime will reduce symptoms in 
many men. Some authors have found that intensive 
behavioral modifications with weekly group sessions 
improved symptoms for men with BPH. 


Medical therapy 


a-Blockers 

Smooth muscle is a large component of pros- 
tatic stroma and responds to norepinephrine 
(a-adrenergic agonist). The oj-adrenergic recep- 
tor is the predominant subtype in the prostate, and 
a-adrenergic inhibitors are a major class of medi- 
cations used to treat BPH. It should be noted that 
o-adrenergic receptors also line the trigone and 
bladder neck, so the efficacy of a-adrenergic inhibi- 
tors may not be entirely related to prostatic smooth 
muscle relaxation. 

Pharmacologic inhibitors of adrenergic innerva- 
tions of prostatic smooth muscle are classified accord- 
ing to specificity, including nonspecific a-adrenergic 
inhibitors (e.g., phenoxybenzamine) and selective 
o-adrenergic inhibitors (e.g., prazosin, terazosin, 
and tamsulosin). These agents have similar efficacy 
in reducing LUTS, though o-specific inhibitors 
have fewer side effects. Further studies demonstrated 
three subtypes of the a-adrenergic receptor, with the 
0, 4-subtype most common in prostate smooth muscle 
[25]. Silodosin, an o,-subtype specific inhibitor, has 
been shown to have similar efficacy to tamsulosin in 
reducing I-PSS scores [26]. 

Side effects of the a-blockers include orthostatic 
hypotension, dizziness, fatigue, rhinitis, retrograde 
ejaculation, and floppy iris syndrome. Intraoperative 
floppy iris syndrome occurs in approximately 2% of 
patients undergoing cataract surgery, causes billowing 
of the iris, and is associated with increased surgical 
complication rate [27]. Of note, floppy iris syndrome 
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may occur several years after the a-blocker is discon- 
tinued. Patients should be counseled that they must 
notify the ophthalmologist of their a-blocker use 
prior to any eye surgery. 


Soa-Reductase inhibitors 

The second major class of pharmaceutical agents used 
to treat BPH is Sa-reductase inhibitors (5@Ri), which 
inhibit the conversion of testosterone to DHT, the 
primary androgen in the prostate. 5@Ri reduce pros- 
tate volume slowly, reaching maximal effect 6 months 
after initiating therapy [28]. Thus, men with LUTS 
and relatively large prostates may benefit most from 
5aRi therapy. The two common drugs used in this set- 
ting are finasteride, a selective type 2 Sa@Ri, and dutas- 
teride, a type 1 and type 2 inhibitor. Finasteride has 
been shown to significantly improve peak flow rate, 
I-PSS, and decrease prostate volume in randomized 
controlled trials [28], and also to reduce incidence of 
acute urinary retention and need for surgery [29]. Fin- 
asteride is also effective in treating gross hematuria 
caused by BPH [30]. 

Finasteride and dutasteride are well tolerated with 
few side effects. There is a slight increase in sexual 
dysfunction with use of finasteride—primarily loss 
of libido and ejaculatory dysfunction. There is also 
a 1-2% prevalence of gynecomastia. Use of SaRi 
reduces serum PSA by roughly 50%, and any increase 
in PSA after initiating therapy should trigger prostate 
biopsy to evaluate for prostate cancer. These agents 
reduce the risk of incident, biopsy-detectable prostate 
cancer by 25% [31, 32]. While some data have sug- 
gested that finasteride and dutasteride also increase 
the risk of higher-grade prostate cancer, this issue is 
controversial and remains unresolved [33]. 

The mainstay of medical management for BPH is 
a combination of a S@Ri and an a-blocker. In the 
MTOPS trial, 3047 patients were randomized to fin- 
asteride, doxazosin, a combination of both, or pla- 
cebo. Men taking combination therapy were less 
likely to experience disease progression (defined as 
acute retention, increased I-PSS by 4 points, 50% 
increase in creatinine, multiple UT, or new inconti- 
nence) when compared to men taking finasteride or 
doxazosin alone [16]. In particular, I-PSS and peak 
flow rate improved considerably in the combination 
arm when compared to monotherapy. Also, the men 
who achieved the greatest benefit from medical ther- 
apy had large prostate size. 
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Treatment of storage symptoms 


Either as a result of bladder changes from BPH or 
de novo pathologic process, many men with LUTS 
have a predominance of storage symptoms: fre- 
quency, urgency, and nocturia. The mainstay of 
treatment for storage symptoms is an anticholin- 
ergic medication. Combination therapy with an 
a-blocker and a bladder-selective anticholinergic is 
effective in reducing symptoms in men with LUTS 
and prominent storage symptoms consistent with 
overactive bladder [34]. The use of anticholinergic 
medications in men with BPH is unlikely to cause 
retention [34, 35]. 


Phosphodiesterase inhibitors 


Recently, evidence from randomized controlled trials 
has demonstrated that phosphodiesterase inhibitors 
(PDEi) are effective in reducing I-PSS scores in men 
with BPH [36]. Interestingly, patients using PDEi have 
no improvement in peak flow rate. The combination 
of PDEi and a-blockers may cause hypotension, so 
patients stable on a-blockers should be given low 
doses of PDEi and titrated up, with careful monitor- 
ing for hypotension. 


Phytotherapy 


Several supplements are used to treat LUTS, though 
the most common is saw palmetto (Serenoa repens). 
Two recent high-quality, placebo-controlled trials 
demonstrated no benefit to saw palmetto over pla- 
cebo for treatment of LUTS [37, 38]. Other supple- 
ments have been studied but none have demonstrated 
improvement over placebo. 


Surgical therapy 


Men with moderate-to-severe LUTS with a high 
degree of urinary bother who have either failed 
or declined medical management should consider 
surgery. Indications for surgery also include recal- 
citrant urinary retention, recurrent urinary infec- 
tions, bladder stones, persistent gross hematuria 
secondary to BPH, and renal insufficiency secon- 
dary to BPH. Men with peak flow rates >15 cc/s 
have been found to have worse outcomes with sur- 
gical procedures [39]. However, men in retention 
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may not be able to void an adequate volume and 
should be assessed by urodynamics. Appearance on 
cystoscopy should not be used to determine need 
for surgery. 

Some of the more common types of surgery are as 
follows: 

Transurethral resection of the prostate (TURP). 
This procedure is performed endoscopically via a 
26- or 28F cystoscope and an Iglesias resectoscope. 
A monopolar cutting loop is the element used for 
tissue dissection and requires the use of nonionic irri- 
gation solution, such as sterile water or 1.5% glycine. 
In many instances, a continuous flow system is used 
to improve bladder drainage and to prevent overfill- 
ing the bladder during the procedure. The patient is 
placed in a lithotomy position and given appropriate 
antibiotics. Once adequate visualization is achieved, 
prostate tissue is excised by dragging the loop through 
the tissue in a stepwise manner. Care must be taken to 
avoid the ureteral orifices and to remain proximal to 
the verumontanum, which is the anatomic structure 
at which the ejaculatory ducts connect to the urethra. 
Resection distal to the verumontanum risks injury 
to the external urinary sphincter and thus urinary 
incontinence [40]. A Foley catheter is left in place for 
1-3 days and may be placed on traction in the event 
of excessive hematuria. Continuous bladder irrigation 
may be considered. 

Complications of the procedure include urinary 
extravasation, clot retention, and transurethral resec- 
tion (TUR) syndrome. TUR syndrome refers to a 
constellation of symptoms—mental confusion, nau- 
sea, vomiting, hypertension, bradycardia, and visual 
disturbances—that may occur due to hyponatremia 
as a result of a prolonged operation with hypotonic 
irrigation solution. When patients are under general 
anesthesia, the first signs may be hypertension and 
bradycardia. Resection time should be limited to less 
than 90 minutes to avoid this complication. The suc- 
cess rate of TURP is excellent, reducing the rate of 
secondary complications of BPH (e.g., bladder cal- 
culi, urinary retention, renal failure, etc.) by 50% 
over watchful waiting with few side effects [17]. 

Photovaporization of the prostate (PVP) utilizes a 
similar approach to TURP, but rather than resecting 
tissue with a monopolar loop, the tissue is vaporized 
by a laser (most commonly the Greenlight, or KTP 
laser). As cautery is not used, the irrigation solu- 
tion may be an electrolyte solution such as normal 


saline, alleviating the risk of TUR syndrome. The 
benefit of PVP is decreased bleeding intraoperatively 
and postoperatively, with fewer patients requiring 
continuous irrigation or postoperative transfusion 
[41]. Long-term outcomes of PVP have not been 
reported, though functional intermediate term out- 
comes (up to 5 years) are similar to TURP in care- 
fully selected patients. 

In simple prostatectomy, the surgeon removes the 
prostatic adenoma through abdominal incisions. 
The procedure may be performed either robotically 
or open through a suprapubic (incising the blad- 
der) or a retropubic (incising the prostate capsule) 
approach. Though more invasive than TURP or PVP, 
rates of retreatment are lower for simple prostatec- 
tomy [42]. It remains an excellent option, particu- 
larly for patients with a severely enlarged prostate 
(>75 cc) for whom TURP and PVP may require 
multiple operations to remove entirely, for men with 
large bladder diverticula (which could be removed 
concurrently), large bladder calculi, or joint prob- 
lems which may preclude prolonged lithotomy pos- 
ition [43]. Complication rates are low but include 
urinary extravasation, urinary incontinence, and 
erectile dysfunction. 

Holmium laser enucleation of the prostate 
(HoLEP) utilizes laser technology to enucleate the 
prostate rather than vaporize it. The prostate tissue 
is released into the bladder after enucleation and 
morcellated with a separate device. The holmium 
laser is a contact laser (as opposed to noncontact 
lasers such as the Greenlight laser), so the target 
must be in contact with the fiber for energy transfer 
to occur. HoLEP is favored over PVP or TURP for 
very large prostates (>100 cc), which traditionally 
have been treated with open prostatectomy [44]. 
Compared to open prostatectomy, HoLEP is associ- 
ated with decreased length of hospitalization and 
less catheterization time. 

Thermotherapy includes transurethral needle 
ablation (TUNA) of the prostate, which involves 
delivering radiofrequency energy to the prostatic 
adenoma via needles inserted endoscopically with 
the intention of inducing prostatic necrosis, and tran- 
surethral microwave therapy, which involves insert- 
ing a specialized catheter device to deliver microwave 
energy to prostatic tissue. Neither is as effective as 
TURP and thus both are considered second-line ther- 
apy at the current time. 
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WHAT TO AVOID/KEY PITFALLS 


e LUTS do not correlate well with prostate volume: not 
all patients with LUTS have enlarged prostates, and 
not all patients with enlarged prostates have LUTS. 

e Only patients with bothersome LUTS (as measured by 

validated questionnaire) should consider medical or 

surgical therapy. 

Pressure flow studies for BPH should be reserved for 

patients in whom the etiology of LUTS is unclear, such 

as patients with neurological disorders or very elderly 
men. 

e a-Blocker therapy is associated with floppy iris syn- 
drome, which may complicate ophthalmologic pro- 
cedures. 

e Saw palmetto has been shown to have no benefit in 
the treatment of BPH when compared to placebo and 
is not recommended for treatment. 


KEY WEB LINKS 


WebMD Guide to BPH 
http://www.webmd.com/prostate-cancer/ 
enlarged-prostate 


NIH Guide to BPH 
http://www.ncbi.nim.nih.gov/pubmedhealth/ 
PMH0001419/ 


I-PSS 
http://www.usrf.org/questionnaires/AUA_SymptomScore 
-html 


Multiple choice questions 


1 A 64-year-old man with a history of DVT on war- 
farin therapy has acute urinary retention refractory to 
tamsulosin. What is the best management option? 
Finasteride 

TURP 

Photovaporization of the prostate 

SP tube placement and finasteride therapy 
UroLume stent 


ono oD 


2 A 70-year-old man with long-standing BPH 
treated with tamsulosin has an increasing I-PSS score 
and starts finasteride. Which of the following is true 
regarding combination therapy with a-blockers and 
SaRi? 
a It is associated with significant less PVR when 
compared to monotherapy 
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b It is associated with decreased likelihood of 
acute urinary retention when compared to 
monotherapy 

c It is the treatment of choice in patients with 
chronic renal insufficiency secondary to BPH 

d It is associated with significant improved peak 
flow rate compared with monotherapy 

e It is contraindicated in the elderly individuals due 
to the risk of clinically significant hypotension. 
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Answers to multiple choice questions 


1 c Acute urinary retention refractory to a-blocker 
therapy is an indication for surgical intervention. 
When compared to TURP, photovaporization of the 
prostate (PVP) has decreased risk of bleeding com- 
plications and transfusion requirements. It may also 
be performed safely in patients on anticoagulation. 
Finasteride would be unlikely to relieve his retention 
in the short term. A UroLume stent is typically re- 
served for patients with extensive comorbidities that 
preclude prostatic surgery. 

2 d Combination therapy with a-blockers and SaRi 
has been shown to be superior to either therapy 
alone. In particular, I-PSS score and peak flow rates 
are significantly lower in men on combination ther- 
apy. There was no significant benefit seen in PVR or 
the likelihood of developing acute urinary retention. 
Chronic renal insufficiency secondary to BPH should 
undergo surgical intervention. Combination therapy 
has no increased risk of orthostatic hypotension when 
compared to a-blockers alone. 
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KEY POINTS 


Bladder cancer is the second most common genitourinary 
malignancy. 

e Approximately 70% are nonmuscle invasive. 

Most present with gross or microscopic painless 
hematuria. 

Work up should include physical examination, urine 
culture and analysis, urine cytology, upper tract imaging 
and cystoscopy. 

Use of tumor markers and fluorescence cystoscopy may 
aid in diagnosis, treatment, and surveillance. 


e First-line therapy for a bladder lesion is transurethral 
resection with the aggressiveness of superficial lesions 
being determined primarily by its grade. 

Recurrence of low-grade lesions can be prevented with 
adjuvant intravesical chemotherapy. 

Recurrence and progression of high-grade lesions may be 
prevented by intravesical immunotherapy. 

Refractory high-grade disease and high-grade nonmuscle 
invasive bladder cancer with aggressive features may 
require extirpative treatment. 


CASE STUDY 


A 72-year-old gentleman with a history of previous 
tobacco use and coronary artery disease presented 
with intermittent, painless, gross hematuria. Urine cul- 
ture was negative as was a renal protocol multi-phase 
CT scan. Cystoscopy revealed a moderately enlarged 
prostate with trilobar hypertrophy and areas of the blad- 
der that appeared somewhat injected and friable but not 
overtly cancerous. Efflux from bilateral ureteral orifices 
was clear. Cytology was sent at that time. Cytology was 
consistent with high-grade carcinoma and he was taken 
to the operating room for bilateral ureteral/renal pelvis 
washings, bilateral retrograde pyelograms and random 
biopsies of the bladder mucosa, and biopsy of the pro- 
static urethra. Biopsies of all suspicious friable areas 
were also acquired. He tolerated the procedure well and 
pathology revealed negative upper tract cytology and 
bladder biopsies consistent with CIS. He began intra- 
vesical BCG therapy 3 weeks following the procedure 


and tolerated a 6-week course fairly well with the excep- 
tion of a few episodes of low-grade fevers. At 3 months, 
cystoscopy and cytology remained negative and he was 
started on maintenance BCG for a 3-week course. Un- 
fortunately, in week 2 of this course he developed persis- 
tent high-grade fevers and required hospital admission 
for IV antibiotics. While he did not develop frank sepsis, 
he did have an arrhythmia causing cardiac strain (but 
not a frank myocardial infarction) during that admission 
which was managed with medications and resolved. 
During his admission for BCGosis, isoniazid was also 
initiated and continued for a 3-month course. At that 
time he continued his surveillance with cystoscopy and 
cytology every 3 months; however, maintenance BCG 
was discontinued given his previous adverse reaction and 
overall frail state. At 9 months following his initial tran- 
surethral biopsies he remained presumably tumor free, 
with negative cytology and biopsies. 


Handbook of Urology, First edition. J. Kellogg Parsons, John B. Eifler and Misop Han. © 2014 by John Wiley & Sons, Ltd. 
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Introduction 


Bladder cancer is the second most common genitou- 
rinary malignancy and its development is contributed 
to greatly by environmental exposure and advanc- 
ing age. As such, the incidence of bladder cancer has 
been rising over the last 70 years, driven mostly by 
increases in industrializing nations where carcino- 
genic exposure is common [1]. In the United States, 
bladder cancer accounts for 7% of all diagnosed can- 
cers. Among these cancers the overwhelming majority 
are of urothelial origin with ~70% of tumors being 
nonmuscle invasive, superficial disease [2]. With 
regards to superficial bladder cancer, grade is the 
critical distinguishing feature with low-grade cancers 
rarely showing invasion or progression and high- 
grade lesions having a high chance of progression, 
sometimes even having metastatic disease present 
despite the absence of local muscle invasion [3, 4]. 
As such, low-grade cancers are most often managed 
by resection and surveillance while high-grade lesions 
necessitate intravesical therapy, close surveillance, 
and sometimes cystectomy. 


Grade, stage, and tumor biology 


The bladder consists of three histological layers which 
from superficial to deep include the urothelium, the 
lamina propria (sub-urothelium connective tissue also 
containing muscularis mucosae), and the muscularis 
propria or detrusor muscle. Superficial bladder can- 
cer refers to bladder cancer which does not involve 
the muscularis propria and is also called nonmuscle 
invasive bladder cancer. Among superficial bladder 
cancer, stages include Ta (papillary tumor confined to 
the urothelium), T1 (tumor invading the lamina pro- 
pria), and Tis or carcinoma in situ (CIS) which is a 
flat, high-grade lesion confined to the urothelium. 
Tumor grade is the most important predictor of dis- 
ease progression [4]. Previous classification systems 
used designations of grades 1-3 to classify malignant 
tumors; however, more recent recommendations have 
been to simplify classifications into low grade or high 
grade. Low-grade tumors have cells that appear rela- 
tively normal but with some cellular structure irregular- 
ity. In contrast, high-grade lesions demonstrate severe 
irregularity and nuclear pleomorphism (Plate 20.1). 
Papillary tumors with orderly cellular arrangement 
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and minimal architectural or cellular abnormalities are 
now designated papillary urothelial neoplasm of low 
malignant potential (PUNLMP). PUNLMP tumors are 
considered by many to be benign. However, as these 
patients can recur, sometimes with cancerous lesions, 
most recommend routine patient follow-up [5]. 

Low-grade Ta lesions often recur but rarely pro- 
gress (about 5% of cases). In contrast, high-grade T1 
lesions recur in more than 80% of cases and progress 
over half of the time [6]. In addition, when cystec- 
tomy is performed for high-grade superficial lesions, 
8-20% will have lymph node metastasis [3]. Molecu- 
larly, high- and low-grade cancers differ as well, with 
low-grade papillary tumors having relatively few 
chromosomal abnormalities (primarily loss of all or 
part of chromosome 9) and high-grade tumors having 
a high degree of aneuploidy (at chromosomes 7, 9,17, 
etc.) [7, 8]. 


Diagnosis 


Gross (macroscopic), painless hematuria is the most 
common presenting symptom of bladder cancer 
(reported rates of 13-34%) with microscopic hema- 
turia associated with a 0.5-10.5% rate of diag- 
nosis [9]. In addition to hematuria, CIS may present 
with irritative symptoms, sometimes in the absence of 
any hematuria [10]. As a result, patients with hematu- 
ria or unexplained irritative voiding symptoms should 
be investigated by cystoscopy and upper tract imaging 
as well as urine culture and urine cytology. 

Urine cytology is a highly specific test (positive test 
indicates the presence of malignancy regardless of 
radiologic and visual findings) [11]. The overall sensi- 
tivity of urine cytology is poor however, (~16%) but 
it does increase with tumor grade being as high as 
60% in high-grade tumors in some studies [12, 13]. 
Therefore, in an attempt to complement cytology, 
investigators have developed other urine-based mark- 
ers. Among these are the BTA stat and BTA TRAK 
tests which test for human complement H-related 
protein, immunocyst which uses labeled antibodies 
targeted against two bladder mutants and a bladder 
variant of carcinoembryonic antigen, NMP22 Blad- 
der Check Test, and multiprobe fluorescence in situ 
hybridization (FISH, UroVysion) which identifies cel- 
lular aneuploidy of chromosomes 3, 7, and 17 as well 
as alterations at 9p21 [14]. Widespread use of these 
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tests has been limited due to a lack of prospective tri- 
als demonstrating clinical value; that said, UroVysion 
has perhaps the most promising data with superior 
sensitivity over cytology [15]. 

In addition to attempts to improve diagnosis of 
bladder cancer via tumor markers, efforts have been 
made to augment white light cystoscopy. Most nota- 
ble among these has been the intravesical use of 
photoactive porphyrins such as 5-aminolevulinic acid 
(S-ALA) or hexaminolevulinate (HAL) which accu- 
mulates preferentially in neoplastic tissue and fluo- 
resces red under blue light [16]. 


Surgical management 


Visible lesions in the bladder are initially treated by 
transurethral resection. This can be carried out under 
regional or general anesthesia. An examination under 
anesthesia should be carried out prior to the proce- 
dure as well as after the procedure for a large and/ 
or invasive tumor. Doing so allows both for staging 
of the patient (fixation of a mass after resection sug- 
gests locally advanced disease) as well as detection of 
possible bladder perforation (indicated by increased 
abdominal girth). 

Positioning for resection is in lithotomy. This puts 
the patient at risk for sciatic nerve injury (results in 
the inability to flex the knee), femoral nerve injury 
(inability to flex the hip or extend the knee), and com- 
mon peroneal nerve injury (foot drop). These can be 
prevented by avoiding excessive external hip rotation 
and avoiding compression of the lateral knee at the 
fibular head. 

Visualization can be aided by a 70 degree lens 
which allows for maintenance of anatomical relation- 
ships and improved surveillance of the bladder neck. 
Resection, however, is carried out with a 30 degree 
lens with which the resection loop can better be seen. 
Traditionally, resection is carried out in a noncon- 
ducting solution (such as sterile water or glycine; note 
that there is no evidence that glycine is superior to 
sterile water) [17]. Over the last decade, introduction 
of bipolar electroresection has allowed for resection 
in saline as well [18]. 

Resection of all visual tumors should be performed. 
Pure cutting current allows for minimal scaring and 
can be performed near the ureteral orifice with even 
resection of the orifice as needed. After resecting 
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visible tumor, an additional resection or biopsy of the 
tumor base should be sent to pathology separately 
to determine muscle invasion. Complications include 
uncontrolled hematuria and clinically evident perfor- 
ation that occur in <5% of cases. The incidence of 
perforation can be reduced by avoiding bladder over 
distention and using paralysis to limit the obturator 
reflex response when resecting laterally. Finally, staged 
resection can be considered for large, bulky tumors. 

Following resection, an adjuvant intravesical 
chemotherapy can be given perioperatively to pre- 
vent tumor implantation and reduce the risk of recur- 
rence in patients suspected to have low-risk disease. 
Mitomycin C appears to be the most effective agent; 
however, epirubicin is used commonly in Europe. 
With either agent, a single dose is administered post- 
operatively, preferably within 6 hours and can lessen 
recurrence of low-grade lesions up to 40% [19]. 
Importantly, perioperative adjuvant therapy should 
not be given in patients with extensive resection or 
suspected perforation as this can have serious seque- 
lae and in rare instances has lead to death (similarly, 
BCG therapy should never be given within 2 weeks 
of resection). 

Even when complete resection is thought to have 
occurred, re-resection in 1-6 weeks is recommended 
for T1 and high-grade Ta tumors [20]. This is because 
many of these tumors on repeat resection will demon- 
strate worse prognostic findings; particularly, if mus- 
cle was not present in the original specimen (almost 
two-thirds of patients where muscle was not present 
were upstaged on repeat resection while around one- 
third of those with muscle identified at the original 
surgery were upstaged) [21]. 


Immunotherapy 


Intravesical immunotherapy has three roles: the treat- 
ment of CIS, the treatment of residual tumor, and 
for prophylaxis against the recurrence of high-grade 
lesions. Immunotherapy is primarily carried out using 
intravesical Bacillus Chalmette—Guerin (BCG) which 
has proven more effective than other immunologic- 
based therapies such as interferon. BCG is an attenu- 
ated mycobacterium that was developed as a vaccine 
for tuberculosis and works by the direct binding to 
fibronectin within the bladder, which then riggers a 
T-helper type-1 immune response [22, 23]. 


Treatment is typically begun several weeks follow- 
ing resection to allow for healing of the bladder 
mucosa which will limit the potential for intravasa- 
tion of bacteria and systemic infection. Additionally, 
BCG therapy should be delayed in the presence of 
infection or if there is a traumatic catheterization. 
BCG is instilled and allowed to dwell in the bladder 
for 2 hours and then voided out [24]. A typical induc- 
tion course involves one instillation of BCG per week 
for 6 weeks. After the induction course, BCG main- 
tenance is carried out by three weekly instillations at 
3 and 6 months and then every 6 months thereafter 
for 3 years. This provides the best recurrence free sur- 
vival but is tolerated by only about 15% of patients. 

BCG should be considered the first-line treatment 
for CIS with initial tumor free responses as high as 
84% and ~50% being tumor free at 4 years [25]. BCG 
also is effective in decreasing the recurrence rates of 
T1 tumors as well as their rate of progression; how- 
ever, superior results for progression were primarily 
seen with maintenance therapy [26]. Finally, BCG has 
been shown to treat residual papillary lesions but it 
should not be used as a substitute for surgery. 

BCG-related toxicity includes low-grade symptoms, 
fevers (sometimes referred to as BCGosis) and BCG 
sepsis. In cases of low-grade fevers, treatment can be 
instituted with NSAIDs, phenazopyridine, or anticho- 
linergics. If symptoms last longer than 24 hours, the 
provider can consider delaying therapy until symp- 
toms improve and then reducing the BCG dose and 
giving isoniazid the day before, of, and after instilla- 
tion [27]. If fevers (above 38.5°C) persist for 24 hours 
without signs of sepsis, BCG instillations should be 
stopped and urine cultures for bacteria and acid-fast 
bacilli obtained. Broad-spectrum antibiotics should 
be started and isoniazid 300 mg by mouth every day 
should be given for a 3-month course, resuming BCG 
when the patient is asymptomatic. Note that, when 
treating urinary tract infections, avoidance of qui- 
nolones should be attempted as they can affect the 
viability of BCG [28]. BCG sepsis can occur in a min- 
ority of patients. It should be aggressively treated with 
broad-spectrum antibiotics, anti-tuberculosis drugs 
(isoniazid, rifampin, and ethambutol; continued for 
6 months with consideration of giving cycloserine, a 
faster acting agent, in particularly severe cases) and 
prednisone. 

A number of novel agents for bladder cancer immu- 
notherapy are being developed; however, they have 
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not yet reached clinical practice. The goal of these 
agents is to reproduce the efficacy of BCG without the 
use of live bacteria, thus limiting its toxicity. Exam- 
ples include nonspecific immune stimulants such as 
keyhole limpet hemocyanin (KLH) and mycobacte- 
rial cell wall extract mixed with immunostimulatory 
DNA [29, 30]. 


Intravesical chemotherapy 


As mentioned above, intravesical chemotherapy 
instilled within 6 hours of resection has a dramatic 
impact on recurrence of low-grade lesions. The role 
for chemotherapy in treating high-grade lesions how- 
ever is less clear with practice patterns in the United 
States favoring the use of BCG due to its higher effi- 
cacy, and those in Europe favoring chemotherapy as 
infectious complications are minimized. Intravesical 
chemotherapies include mitomycin C (MMC), thi- 
otepa, and doxorubicin. MMC is a cross-linking agent 
that inhibits DNA synthesis and can allow for reason- 
able reductions in disease recurrence (though not to 
the level of BCG) [31]. Though systemic absorption 
can cause myelosuppression, this is rare due to its 
high molecular weight. Thiotepa is also an alkylating 
agent (and is the only chemotherapeutic approved by 
the FDA specifically for the intravesical treatment of 
papillary bladder cancer). Its use does reduce disease 
recurrence but, due to its lower molecular weight, 
is associated with a higher risk of systemic side 
effects [32]. Doxorubicin, an anthracycline antibiotic 
which inhibits topoisomerase II and protein synthesis 
has also shown improvements in preventing tumor 
recurrence (but not progression) following endoscopic 
resection [33]. A semisynthetic analog of doxorubicin, 
valrubicin, has recently become available and FDA 
approved in the United States for BCG refractory CIS 
in patients who cannot tolerate cystectomy, having a 
21% complete response in this group [34]. 


Cystectomy for aggressive superficial 
and refractory high-grade disease 


Up to 20% of patients with CIS will die of urothelial 
cancer within 10 years. In addition, an early recur- 
rence following BCG or a T1 recurrence is associated 
with muscle invasive disease in over 80% of cases 
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and carries with it an increased risk of metastasis for 
each occurrence [35]. Additionally, some studies sug- 
gest that patients treated after progression to muscle 
invasive disease have a poorer prognosis than those 
presenting initially with invasive disease [36]. Despite 
this risk, because of the morbidity of cystectomy, 
intravesical therapy for high-grade superficial lesions 
is reasonable. In addition to factors that would sway 
urologists toward early radical cystectomy (noninva- 
sive disease with deep invasion to the lamina propria, 
presence of lymphovascular invasion or micropapil- 
lary features, association with diffuse CIS, presence 
of T1 disease in a diverticula, young patient age), 
molecular markers are also being explored. Perhaps 
the most studied is P53 status. Though its overexpres- 
sion has been correlated to increased risk of progres- 
sion, its use remains investigational [37]. 

As opposed to these cases that might prompt “early 
cystectomy,” radical cystectomy should be considered 
first-line therapy for refractory high-grade disease 
(CIS or persistent high-grade papillary tumors refrac- 
tory to two courses of BCG). In these individuals, 
80% will fail if treated again with intravesical therapy 
and many experience rapid progression. In patients 
unfit for cystectomy with superficial recurrence, val- 
rubicin or BCG combined with interferon may be 
considered [38]. 


Surveillance 


Most relapses occur within 2 years of the original 
transurethral resection. Therefore close surveillance 
is warranted, particularly in the early period (recur- 
rence within the first 3 months is a particularly poor 
prognostic sign). There is little evidence to support 
commonly practiced surveillance algorithms; how- 
ever, general recommendations do exist and are based 
on the features of the initial tumor. For low-grade Ta 
lesions, cystoscopy should be performed at 3-month 
intervals and then annually starting at 9 months if 
there is no recurrence with cessation strongly consid- 
ered at 5 years. For multifocal low-grade Ta lesions, 
very large low-grade lesions, or low-grade lesions that 
recur at 3 months, cystoscopy should be conducted 
every 3 months for 2 years and then semiannually 
or annually after that with a return to more frequent 
cystoscopy if a recurrence is found. Upper tract imag- 
ing can also be considered if a recurrence is found 
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or if there is any hematuria. For high-grade lesions, 
cystoscopy should be performed every 3 months for 
2 years and then semiannually for 2 years, and annu- 
ally for life with cytology sent at each cystoscopy and 
upper track imaging annually for 2 years and then 
at less frequent intervals. All patients on surveillance 
should be encouraged not to smoke, increase their 
fluid intake, and reduce the fat in their diet. 


WHAT TO AVOID 


e Intravesical chemotherapy should not be given in cases 
of suspected bladder perforation. 

e BCG immunotherapy should not be given within the 

first 2 weeks of resection. 

Avoiding overdistension of the bladder and employing 

paralysis to limit the obturator reflex can reduce the 

chance of bladder perforation during resection. 


KEY WEB LINKS 


www.nccn.org 
www.auanet.org 


Multiple choice questions 


1 Which of the following are not good indications 
for a patient with superficial disease to undergo 
cystectomy: 
a Micropapillary features in a 60-year-old man 
with high-grade T1 bladder cancer 
b Carcinoma in situ (CIS) recurrence after 
two failed cycles of BCG 
c A third recurrence of papillary urothelial 
neoplasm of low malignant potential 
(PUNLMP) tumor in a 50-year-old man 
d T1, high-grade papillary lesion in a 
diverticulum 


2 Which intravesical therapy does not match its pro- 
posed mechanism (choose all that apply) 
a Thiotepa—intercalating agent inhibiting 
topoisomerase II 
b Mitomycin C—alkylating agent inhibiting 
DNA synthesis 
c Valrubicin—alkylating agent inhibiting DNA 
synthesis 
d BCG—immunotherapy stimulating a cytotoxic 
Th2 cell response 


3 Which statement is false (choose all that apply) 


a CIS is associated with lymph node metastasis in 
up to 20% of cases. 

b Rate of progression to muscle invasive disease 
following two failed attempts at intravesical 
therapy with BCG is over 80%. 

c Both BCG and MMC reduce the rate of tumor 
recurrence and progression. 

d Urine cytology is highly sensitive for malignancy. 


References 


1 


10 


Jemal A, Ward E, Anderson RN, Murray T, Thun MJ. 
Widening of socioeconomic inequalities in U.S. death 
rates, 1993-2001. PLoS One 2008;3(5):e2181. 
Lopez-Beltran A. Bladder cancer: clinical and patho- 
logical profile. Scand J Urol Nephrol Suppl 2008;(218): 
95-109. 

Freeman JA, Esrig D, Stein JP, et al. Radical cystectomy 
for high risk patients with superficial bladder cancer in 
the era of orthotopic urinary reconstruction. Cancer 
1995;76(5):833-839. 

Millan-Rodriguez F, Chechile-Toniolo G, Salvador- 
Bayarri J, Palou J, Algaba F, Vicente-Rodriguez J. Pri- 
mary superficial bladder cancer risk groups according to 
progression, mortality and recurrence. J Urol 2000;164 
(3 Pt 1):680-684. 

Epstein JI, Amin MB, Reuter VR, Mostofi FK. The 
World Health Organization/International Society of 
Urological Pathology consensus classification of urothe- 
lial (transitional cell) neoplasms of the urinary bladder. 
Bladder Consensus Conference Committee. Am J Surg 
Pathol 1998;22(12):1435-1448. 

Herr HW. Tumor progression and survival of patients 
with high grade, noninvasive papillary (TaG3) bladder 
tumors: 15-year outcome. J Urol 2000;163(1):60-61; 
discussion 61-62. 

Richter J, Jiang F, Gorog JP, et al. Marked genetic differ- 
ences between stage pTa and stage pT1 papillary bladder 
cancer detected by comparative genomic hybridization. 
Cancer Res 1997;57(14):2860-2864. 

Degtyar P, Neulander E, Zirkin H, et al. Fluorescence 
in situ hybridization performed on exfoliated urothelial 
cells in patients with transitional cell carcinoma of the 
bladder. Urology 2004;63(2):398-401. 

Khadra M, Richards JI, Robinson MM. Development 
and evaluation of a micropipette tip washing system. 
J Immunol Methods 2000;242(1-2):1-8. 

Tissot WD, Diokno AC, Peters KM. A referral center’s 
experience with transitional cell carcinoma misdiagnosed 
as interstitial cystitis. J Urol 2004;172(2):478-480. 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


CHAPTER 20 BLADDER CANCER SUPERFICIAL 


Nabi G, Greene D, O’Donnell MO. Suspicious urinary 
cytology with negative evaluation for malignancy in the 
diagnostic investigation of haematuria: how to follow 
up? J Clin Pathol 2004;57(4):365-368. 

Grossman HB, Messing E, Soloway M, et al. Detection 
of bladder cancer using a point-of-care proteomic assay. 
JAMA 2005;293(7):810-816. 

Halling KC, King W, Sokolova IA, et al. A compari- 
son of cytology and fluorescence in situ hybridiza- 
tion for the detection of urothelial carcinoma. J Urol 
2000;164(5):1768-1775. 

Mitra AP, Cote RJ. Molecular screening for bladder cancer: 
progress and potential. Nat Rev Urol 2010;7(1):11-20. 
Jones JS. DNA-based molecular cytology for bladder 
cancer surveillance. Urology 2006;67(3 Suppl 1):35-45; 
discussion 7. 

Denzinger S, Burger M, Walter B, et al. Clinically rele- 
vant reduction in risk of recurrence of superficial bladder 
cancer using 5-aminolevulinic acid-induced fluorescence 
diagnosis: 8-year results of prospective randomized 
study. Urology 2007;69(4):675-679. 

Holzbeierlein JM, Smith JA, Jr. Surgical management of 
noninvasive bladder cancer (stages Ta/T1/CIS). Urol Clin 
North Am 2000;27(1):15-24, vii-viii. 

Wang DS, Bird VG, Leonard VY, et al. Use of bipolar en- 
ergy for transurethral resection of bladder tumors: path- 
ologic considerations. J Endourol 2004;18(6):578-582. 
Sylvester RJ, Oosterlinck W, van der Meijden AP. A 
single immediate postoperative instillation of chemo- 
therapy decreases the risk of recurrence in patients with 
stage Ta T1 bladder cancer: a meta-analysis of pub- 
lished results of randomized clinical trials. J Urol 2004; 
171(6 Pt 1):2186-2190, quiz 435. 

Nieder AM, Brausi M, Lamm D, et al. Management of 
stage T1 tumors of the bladder: International Consensus 
Panel. Urology 2005;66(6 Supp! 1):108-125. 

Dutta SC, Smith JA, Jr, Shappell SB, Coffey CS, 
Chang SS, Cookson MS. Clinical under staging of high 
risk nonmuscle invasive urothelial carcinoma treated 
with radical cystectomy. J Urol 2001;166(2):490-493. 
Morales A, Eidinger D, Bruce AW. Intracavitary bacillus 
Calmette-Guerin in the treatment of superficial bladder 
tumors. J Urol 1976;116(2):180-183. 

Bohle A, Brandau S. Immune mechanisms in bacillus 
Calmette-Guerin immunotherapy for superficial bladder 
cancer. J Urol 2003;170(3):964-969. 

Lamm DL, Blumenstein BA, Crissman JD, et al. Main- 
tenance bacillus Calmette-Guerin immunotherapy for 
recurrent TA, T1 and carcinoma in situ transitional cell 
carcinoma of the bladder: a randomized Southwest On- 
cology Group Study. J Urol 2000;163(4):1124-1129. 
Hall MC, Chang SS, Dalbagni G, et al. Guideline 
for the management of nonmuscle invasive bladder 


171 


SECTION 6 ONCOLOGY 


26 


27 


28 


29 


30 


31 


32 


33 


cancer (stages Ta, T1, and Tis): 2007 update. J Urol 
2007;178(6):2314-2330. 

Sylvester RJ, van der MA, Lamm DL. Intravesical bacil- 
lus Calmette-Guerin reduces the risk of progression in 
patients with superficial bladder cancer: a meta-analysis 
of the published results of randomized clinical trials. 
J Urol 2002;168(5):1964-1970. 

Bassi P, Spinadin R, Carando R, Balta G, Pagano F 
Modified induction course: a solution to side-effects? 
Eur Urol 2000;37(Suppl 1):31-32. 

Durek C, Rusch-Gerdes S, Jocham D, Bohle A. Interfer- 
ence of modern antibacterials with bacillus Calmette- 
Guerin viability. J Urol 1999;162(6):1959-1962. 
Sarosdy MF. Principles of intravesical chemotherapy 
and immunotherapy. Urol Clin North Am 1992;19(3): 
509-519. 

Morales A, Chin JL, Ramsey EW. Mycobacterial cell 
wall extract for treatment of carcinoma in situ of the 
bladder. J Urol 2001;166(5):1633-1637; discussion 7-8. 
Bohle A, Bock PR. Intravesical bacille Calmette-Guerin 
versus mitomycin C in superficial bladder cancer: formal 
meta-analysis of comparative studies on tumor progres- 
sion. Urology 2004;63(4):682-686; discussion 686-687. 
Thrasher JB, Crawford ED. Complications of intra- 
vesical chemotherapy. Urol Clin North Am 1992;19(3): 
529-539. 

Kurth KH. Diagnosis and treatment of superficial tran- 
sitional cell carcinoma of the bladder: facts and perspec- 
tives. Eur Urol 1997;31(Suppl 1):10-19. 


172 


34 


35 


36 


37 


38 


Grossman HB, O’Donnell MA, Cookson MS, 
Greenberg RE, Keane TE. Bacillus calmette-guerin 
failures and beyond: contemporary management of 
non-muscle-invasive bladder cancer. Rev Urol 2008; 
10(4):281-289. 

Herr HW, Sogani PC. Does early cystectomy improve the 
survival of patients with high risk superficial bladder tu- 
mors? J Urol 2001;166(4):1296-1299. 

Schrier BP, Hollander MP, van Rhijn BW, Kiemeney LA, 
Witjes JA. Prognosis of muscle-invasive bladder cancer: 
difference between primary and progressive tumours 
and implications for therapy. Eur Urol 2004;45(3): 
292-296. 

Peyromaure M, Weibing S, Sebe P, et al. Prognostic 
value of p53 overexpression in T1G3 bladder tumors 
treated with bacillus Calmette-Guerin therapy. Urology 
2002;59(3):409-413. 

O’Donnell MA, Lilli K, Leopold C. Interim results from 
a national multicenter phase II trial of combination 
bacillus Calmette-Guerin plus interferon alfa-2b for 
superficial bladder cancer. J Urol 2004;172(3):888-893. 


Answers to multiple choice questions 


1c 


2 a,c, and d 


3 candd 


Invasive bladder cancer 
and urinary diversion 


Ashley E. Ross and Trinity J. Bivalacqua 


The James Buchanan Brady Urological Institute and Department of Urology, The Johns Hopkins School of 


Medicine, Baltimore, MD, USA 


KEY POINTS 


Approximately 80% of patients presenting with muscle 
invasive bladder cancer initially present with muscle 
invasive disease. 

Deaths from bladder cancer are thought to be the result 
of distant metastases present at the time of locoregional 
therapy (with most occurring within 2 years after 
treatment but late recurrences being more common after 
perioperative systemic chemotherapy). 

Delay of surgery for longer than 12 weeks from the 
diagnosis is detrimental to the patient. 


Bilateral pelvic lymphadenectomy including external and 
internal iliac and obturator nodes is required for radical 
or partial cystectomy with the number of nodes removed 
and number of positive nodes both independently 
affecting survival. 

Radical cystectomy has a high perioperative complication 
rate which increases with advanced age. 

Options for urinary diversion include incontinent 
conduits, continent orthotopic neobladders, and 
catheterizable stomas. 


CASE STUDY 


A 72-year-old previous machinist with a long history of 
tobacco use presented with gross hematuria. Upper tract 
imaging with an abdominal and pelvis CT scan demon- 
strated no discernable renal or ureteral lesion but mild-to- 
moderate hydronephrosis was present on the left side and 
a left-sided lesion was seen on delayed phase as a filling 
defect in the bladder. No lymphadenopathy was noted on 
imaging. Examination under anesthesia was performed 
prior to endoscopic resection and a left-sided mass could 
be felt. Cystoscopy demonstrated a left trigonal lesion that 
abutted the ureteral orifice on that side. The tumor was re- 
sected with pathology later demonstrating muscle invasive 
urothelial carcinoma. Examination following resection 
still could identify a left-sided mass and the bladder was 
mobile. Chest CT was negative for pulmonary nodules or 
metastasis and liver enzymes, creatinine, and blood counts 
were all normal with the exception of mild anemia. He 
underwent neoadjuvant chemotherapy with gemcitabine 


and cisplatin and then presented for radical cystectomy. 
Preoperatively, he had expressed the desire for an ortho- 
topic neobladder and it was discussed that this would be 
attempted, though if not oncologically sound he would 
be diverted by another method (he preferred a conduit 
diversion if that was the case). Intraoperatively, his blad- 
der was mobile and there was no bulky lymphadenopathy. 
The bladder was removed with frozen sections taken from 
the urethra and bilateral ureters were performed. The left 
ureteral margin was positive for carcinoma in situ (CIS) 
and an additional section was submitted for frozen sec- 
tion, which was negative. The urethral margin was also 
positive for CIS and urethrectomy was then performed. 
Pelvic and iliac lymphadenectomy was then performed 
and samples were submitted to pathology. Final pathology 
would demonstrate transitional cell carcinoma invading 
into the extravesical mass with negative margins, one of 
the 45 removed lymph nodes was positive, pT3bN1Mx. 
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An ileal conduit was then fashioned and ureters were im- 
planted using a Bricker anastomosis. Postoperatively, his 
hospital stay was complicated by a protracted ileus, which 
was managed conservatively with bowel rest and paren- 
teral nutrition and he left the hospital on POD 12 in good 


condition. At his 3-month follow-up, cytology from the 
conduit was negative, his creatinine was normal, and mild 
bilateral hydroureter was seen on ultrasound with no sign 
of frank recurrence. 


Introduction 


Muscle invasion refers to involvement of the muscu- 
laris propria (detrusor) muscle of the bladder by car- 
cinoma. The presence of this level of invasion in most 
cases warrants aggressive therapy, the cornerstone 
of which is surgical extirpation. Despite aggressive 
locoregional control, however, approximately half 
of patients with muscle invasive bladder cancer will 
progress to metastatic disease. Thus, efforts toward 
multimodality therapy have been undertaken with 
the best current evidence supporting neoadjuvant 
therapy, particularly for those with extravesical dis- 
ease [1]. Following removal of the bladder, the urinary 
stream is typically diverted to a conduit, neobladder, 
or catheterizable continent diversion depending on the 
patient’s tumor characteristics, functional status, and 
preference. Radical cystectomy with reconstruction is 
associated with a high number of overall perioperative 
morbidities, the majority of which are related to the 
need for urinary diversion using bowel segments [2]. 


Staging and histology 


Eighty percent of patients with invasive bladder can- 
cer present with muscle invasive disease with the 
remainder having lesions that progressed from super- 
ficial disease. Among those that are candidates for 
cystectomy, pathologic tumor stage and nodal status 
are the primary variables affecting the risk of pro- 
gression and survival [3]. Unlike superficial bladder 
cancer, muscle invasive bladder cancer, for obvious 
reasons, is not subdivided into high-grade and low- 
grade lesions. Instead, muscle invasive tumors are 
classified on the basis of their histology and stage. As 
with superficial bladder cancer, the majority of pri- 
mary bladder cancers are of urothelial origin. Other 
subtypes include squamous cell cancers that predomi- 
nate in countries where bilharziasis is endemic and in 
populations whose bladders are exposed to chronic 
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inflammation from indwelling catheters and recurrent 
infections. Adenocarcinomas are uncommon but are 
found in exstrophy patients and may be associated 
with urachal diverticuli. Small cell tumors of the blad- 
der are rare but can occur and are more likely to be 
associated with paraneoplastic syndromes through 
the production of ectopic hormones. Other unusual 
variants include lymphoepithelioma-like cancers that 
have a more favorable prognosis than transitional cell 
carcinoma and micropapillary disease which is very 
aggressive and frequently associated with lymphatic 
and vascular invasion. 

Staging is based on a TNM schema, the details of 
which are summarized in the AJCC cancer staging 
manual [4]. Full staging includes a bimanual exami- 
nation before and after endoscopic resection, upper 
tract imaging (preferably prior to tumor resection), 
and laboratory testing (which includes at a minimum 
a complete blood count and a comprehensive meta- 
bolic panel). T stage denotes the level of invasion of 
the primary tumor, with stage T2 indicating invasion 
into the muscularis propria, T3 indicating invasion 
into perivesical fat, and T4 denoting invasion of the 
prostatic stroma, seminal vesicles, uterus, vagina, pel- 
vic wall, or abdominal wall. Presence of a tumor on 
bimanual examination following endoscopic resec- 
tion indicates T3 disease with T4 disease suggested by 
involvement of other structures or fixation. Advanced 
T stage may also be suggested by hydronephrosis seen 
on upper tract imaging. 

Though over-staging does occur, under-staging is 
far more common, particularly if muscularis propria 
is not present in an endoscopically resected specimen. 
Though selection bias likely plays a substantial role, 
most studies on patients who underwent cystectomy 
for T1 tumors demonstrate a large number of tumors 
found to be T2 at the time of surgery (roughly 40% 
in the series by Dutta et al. [5]). Because of this, most 
recommend re-resection of T1 lesions, particularly 
those which are high grade (see Chapter 20). In addi- 
tion, to fully stage tumors prior to cystectomy, some 
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advocate biopsy of the prostatic urethra in men and 
bladder neck in women (other urologists rely on fro- 
zen sections of the apical urethral margins to guide 
choices for diversion). In men, this can be performed 
by using a resectoscope loop to resect from the mid 
prostate to the mid distal verumontanum [6]. Nega- 
tive prostatic urethral biopsies are associated with a 
negative apical urethral margin and can obviate the 
need for intraoperative frozen section [7]. In women, 
biopsy of the bladder neck acts as a surrogate. Of 
note, while the presence of carcinoma in situ (CIS) in 
the prostatic urethra or proximal female urethra may 
guide decisions regarding urinary tract reconstruc- 
tion, the presence of CIS in the prostatic urethra or 
ducts does not lead to upstaging to T4 disease because 
outcome is determined by the primary cancer stage. 

As mentioned, upper tract imaging not only can 
help describe the stage of the local tumor but also 
can evaluate for regional lymph node spread, syn- 
chronous urothelial cancers of the renal pelvis and 
potential metastasis. Current imaging is primarily 
performed by CT or MRI of the abdomen and pel- 
vis. In addition, a chest CT should be included as a 
routine part of an evaluation of a patient with muscle 
invasive disease. Bone scintigraphy can be obtained 
when the patient has a new-onset bone pain or an 
elevated alkaline phosphatase. 


Surgical therapy 


Extirpative therapy is the cornerstone of the manage- 
ment of muscle invasive bladder cancer. Indeed, delay 
of cystectomy for longer than 12 weeks after the di- 
agnosis of a muscle invasive lesion is associated with 
poorer outcomes [8]. In very general terms, surgery 
consists of three parts: radical cystectomy, pelvic and 
iliac lymphadenectomy, and urinary diversion. 


Cystectomy 


Surgery is traditionally performed in an open fashion 
through a lower midline incision that can be extended 
above the umbilicus if necessary for exposure. More 
recently efforts toward reducing the morbidity of 
cystectomy by using robot-assisted and laparoscopic 
techniques have been undertaken but there has been 
no long-term oncologic data as of yet to substantiate 
its use as a modality [9]. 


In the male, radical cystectomy should include the 
bladder and its surrounding perivesical fat and soft 
tissue, the prostate, and the seminal vesicles. Nerve 
sparing is appropriate in patients with no evidence 
of local extension intraoperatively and may improve 
continence in patients with a neobladder (this may be 
related to more meticulous dissection at the prostatic 
apex) [10]. In the female, anterior exoneration tra- 
ditionally includes the bladder and perivesical tissue 
as well as the uterus, cervix, and anterior vagina. An 
exception to this is in sexually active women where 
vaginal preservation can be planned in some cases 
(those without posterior-based invasive cancer) as 
reports indicate that involvement of the uterus, cer- 
vix, and ovaries is uncommon and preservation of 
those structures may allow for more support particu- 
larly if a neobladder is planned [11, 12]. In both sex- 
es, cystectomy should not be performed if the bladder 
is fixed to the pelvic sidewall or the tumor is involving 
the rectum, if there is extensive evidence of periureter- 
al disease, or if lymph node metastases are unresect- 
able due to bulk or extent (above the iliac vessels). 
Patients with grossly positive nodes should receive 
neoadjuvant or adjuvant systemic chemotherapy. 

Intraoperatively, after cystectomy, evaluation of the 
urethra can be carried out by frozen section. Preop- 
eratively, the urethra can also be evaluated by biopsy 
as mentioned above with the risk of urethral involve- 
ment being influenced by involvement of the prostate 
in men (with stromal invasion having a 30% likeli- 
hood of involvement) and involvement of tumor at 
the bladder neck in women [13]. Urethrectomy in 
men should be considered if there is cancer at the 
apical urethral margin on frozen section or if there 
is prostate stromal invasion or diffuse CIS within the 
prostatic ducts. All females should undergo urethrec- 
tomy except those with planned orthotopic diversion 
where urethral preservation of the distal two-thirds is 
necessary to achieve an adequate sphincter mechan- 
ism. This area is innervated by the pudendal nerve 
and is only infrequently involved by urothelial car- 
cinoma [14, 15]. If the urethra is to be spared, the 
dissection should be limited to the soft tissue above 
endopelvic fascia in order to preserve sphincter inner- 
vation. Cancer at the bladder neck in women or in the 
urethral margin or a T4 tumor involving the anterior 
vagina are contraindications to urethral preservation. 

The value of frozen sections at the ureteral margins is 
more controversial but they are commonly sent. Con- 
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troversy arises from retrospective series demonstrating 
that margin status does not seem to independently al- 
ter the development of upper tract disease and that ne- 
phrectomy is not indicated for CIS [16]. Others report 
high sensitivity and specificity for ureteral frozen sec- 
tions in predicting final margin status [17]. A general 
consensus is that if margins are sent, atypia or dyspla- 
sia does not require any change in management and 
that, if CIS is found, an attempt at achieving a nega- 
tive margin should be made but without compromising 
ureteral length. Postoperatively upper tract recurrence 
can be monitored by imaging and voided cytology. 


Lymphadenectomy 


Positive lymph nodes are found in 25% of patients and 
are the most important prognostic factor in those pa- 
tients [18]. In addition, the number of lymph nodes re- 
moved is an important factor influencing survival even 
in node-negative patients. In patients with nodal metas- 
tasis, the number of nodes removed and percentage of 
positive nodes are both independent predictors of re- 
currence and survival and many have chosen to report 
this as a combined variable of lymph node density [19]. 
Based on multi-institutional retrospective trials, we 
currently recommend that at least 25 lymph nodes be 
analyzed for proper staging as it likely identifies 75% 
of the positive nodes with examination of 45 nodes al- 
lowing for detection of 90% of disease [20]. At a mini- 
mum, 10 lymph nodes should be removed [21]. Because 
total lymph node counts are highly dependent on pro- 
cessing of tissue following removal, the most important 
factors at surgery are complete lymph node dissection 
and anatomic extent. An extended lymph node dissec- 
tion should be performed bilaterally and should include 
the area from the aortic bifurcation superiorly, the gen- 
itofemoral nerve laterally, and Cooper’s ligament in- 
feriorly. In patients with T3 or T4 tumors and node- 
positive disease, nodes proximal to the common iliac 
bifurcation are positive in up to half of the cases [22]. 


Urinary diversion 


Options for diversion include incontinent conduits 
and continent cutaneous diversions and orthotopic 
neobladders. Selection of diversion is based on patient 
and tumor characteristics. 

Advantages of conduit diversions are that they are 
technically simple to perform and easy to manage. 
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This ease of management gives them a high satisfac- 
tion rating. Bowel segments for conduit diversions are 
typically taken from the terminal ileum, but transverse 
colon can be used in cases of prior pelvic irradiation. 
Refluxing ureterointestinal anastomosis is created; par- 
ticularly in ileal conduits where nonrefluxing anasto- 
mosis increases the stricture rate (an implant into the 
tinea of the colon is usually nonrefluxing). A Wallace 
reimplant, where the ureters are brought together to 
make a single lumen, further decreases the stricture rate 
but puts the patient at risk for bilateral obstruction. A 
rosebud end stoma is formed and usually placed in the 
right lower quadrant after examining the patient in ly- 
ing, sitting, and standing positions. 

Patients selected for continent diversions should 
have a life expectancy of >1 year, strong desire to 
be “bag free,” good manual dexterity, normal or 
nearly normal renal function (CrCl > 50 mL/min), 
and nearly normal bowel function. The right lower 
quadrant is the most common stoma site, however, 
the umbilicus can also be used, particularly in the 
obese patient where the distance to traverse will be 
made shorter. Continent cutaneous diversions can 
be created using ilium (Kock pouch) or right colon 
(Indiana, Florida, and Mainz). When colon is used, 
the continence mechanism relies on the ileocecal 
valve and loss of this valve may contribute to loose 
stools or diarrhea. Regardless of the diversion cre- 
ated, capacity is assured by detubularization, which 
disrupts the circular smooth muscle and thus de- 
creases wall tension and folding. Continent diver- 
sions are usually created with nonrefluxing ureteral 
anastomoses. Orthotopic urinary diversions are made 
with similar principles in mind, using the sphincter as 
the continence mechanism. Expert consensus is that 
ureters can be implanted in a refluxing fashion. As 
mentioned above, candidates should not be at signifi- 
cant risk for developing cancer at the urethra. Ortho- 
topic neobladders require manual dexterity as almost 
20% of patients will require intermittent catheteriza- 
tion (women > men). Frank urinary retention in men, 
however, is uncommon and should alert the urologist 
to a possible recurrence. Nighttime incontinence is 
common, occurring in almost half of patients. 


Complications 


The complication rate following cystectomy and 
diversion is very high (64% having at least one 
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complication within 90 days of surgery with 13% 
experiencing a high-grade complication and a 
30-day mortality of 1.5%) [2]. In those older than 70 
years, high-grade complications and mortality rates 
are increased. The majority of complications are relat- 
ed to bowel manipulation and infections. In the long 
term, an inevitable complication of urinary diversion 
is the reduction in absorptive capacity of the bowel 
with some patients (particularly those where the ile- 
ocecal valve is used) having loose stools and diarrhea. 
This can be managed first by stool-bulking agents 
such as Metamucil. Antimotility agents can also be 
tried. Further, as diarrhea can be related to bile salt 
irritation of the colon, treatment with cholestyramine 
can be used. Loss of ileum also leads to vitamin 
B12 deficiency which contributes to anemia and loss 
of myelin. While this typically takes at least 5 years 
to develop, it can occur earlier and it may be prudent 
to monitor levels annually after surgery. Absorption 
of ammonium and hydrogen chloride from the bowel 
segments can lead to hyperchloremic metabolic acido- 
sis which contributes to osteoporosis (patients with 
renal insufficiency are at greater risk of this). 


Neoadjuvant and adjuvant 
systemic chemotherapy 


Up to half of the patients with muscle invasive disease 
develop metastasis, with death thought to occur from 
metastasis present at the time of cystectomy. After 
metastases develop, there are few long-term survivors 
though up to 70% are sensitive to chemotherapy sug- 
gesting that radical cystectomy and systemic therapy 
are needed to truly treat the majority of muscle invasive 
disease. Systemic chemotherapy can either be given 
before (neoadjuvant) or after (adjuvant) cystectomy. 
Advantages to neoadjuvant therapy are that the pa- 
tients tend to have better performance before surgery 
and thus it is better tolerated. Furthermore, neoadju- 
vant therapy allows for true in vivo drug testing (allow- 
ing for better selection of therapies if tumors recur) and 
may down-stage some tumors making them easier to re- 
sect [23]. The major disadvantages are that neoadjuvant 
therapy may delay the time to cystectomy which may be 
particularly harmful to patients with tumors that are 
not responsive to the chemotherapy given. A theoreti- 
cal disadvantage is that chemotherapy may make the 
surgery more difficult or predispose to complications 


postoperatively; this does not seem to be the case [1]. 
Corresponding to earlier randomized trials from the 
European Organization for Research and Treatment of 
Cancer (EORTC) and the Medical Research Council, 
the Southwest Oncology Group demonstrated a 5-year 
survival advantage after neoadjuvant chemotherapy 
for muscle invasive bladder cancer (methotrexate, vin- 
blastine, adriamycin, and cisplatin [MVAC)]) [1]. Here, 
there was a 25% reduction in the risk of death among 
those with neoadjuvant treatment with patients having 
advanced stage (>T3) experiencing the greatest survival 
benefit. As these trials were limited by sample size, an 
advanced bladder cancer (ABC) metaanalysis was per- 
formed which also showed a survival advantage, albeit 
more modest (5%) with neoadjuvant therapy [24]. Be- 
cause it is less toxic, most oncologists now prefer to use 
agents such as gemcitabine and cisplatin as oppose to 
MVAC [25]. Though critics of these studies state that 
the benefit for neoadjuvant therapy may be small and 
that there were no quality of life outcomes measured, 
neoadjuvant therapy has level 1 evidence supporting its 
use and we advocate doing so in the majority of patients 
presenting with muscle invasive disease. 

Proponents of adjuvant chemotherapy state that 
it allows for immediate cystectomy and that it treats 
the tumor when the overall tumor burden has been 
lessened (after resection). Practically, however, given 
the high complication rate after cystectomy, it is not 
clear how many patients will be fit enough to receive 
adjuvant therapy [2, 26]. Unfortunately, trials testing 
adjuvant systemic chemotherapy suffered from poor 
accrual and design and no conclusion regarding its 
use can be made from any one trial and a meaning- 
ful metaanalysis cannot be performed [27]. Currently, 
adjuvant trials are still ongoing and hopefully results 
from EORTC 30994 will provide more insight. For 
now, however, best evidence for treatment supports 
neoadjuvant chemotherapy followed by radical cys- 
tectomy and complete lymph node dissection. 


Bladder preservation protocols 


Highly selected patients may be candidates for blad- 
der preservation either by partial cystectomy or rad- 
ical transurethral resection. Candidates for radical 
transurethral resection include those with tumors 
smaller than 3 cm, no CIS, clinical T2 disease, and 
disease not in the dome or posterior wall due to fear 
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for bowel injury. Patients are re-resected at 3 months 
and if tumor is found, radical cystectomy or radiation 
is considered. Long-term survival in these selected 
patients is comparable to those undergoing radical 
cystectomy with about 25% of patients progressing 
to cystectomy [28]. Partial cystectomy candidates re- 
quire that tumor be distant from trigone (ideal candi- 
dates are at the dome) and can be used in patient who 
have shown response to neoadjuvant chemotherapy 
[29]. No clinical trial has compared bladder preser- 
vation directly to cystectomy and most durable res- 
ponses likely include bimodality or trimodality thera- 
py. Because the study by Grossman showed that 60% 
of patients, believed to be in clinical stage TO, had 
persistent cancer, many authors recommend definitive 
therapy for muscle invasive bladder cancer [1]. 


Recurrence 


Progression after definitive locoregional therapy usually 
occurs within the first 2 years in patients treated with- 
out systemic chemotherapy with the most common dis- 
tant sites being the lung, liver, and bone. Central ner- 
vous system metastasis and peritoneal metastasis are 
more common after chemotherapy and tend to occur 
late. Patients should be monitored by routine physical 
examination, blood work, urine cytology, and imaging. 


WHAT TO AVOID 


e There should be no unnecessary delay between diag- 
nosis and surgery (delay >12 weeks negatively affects 
outcome) 

e Lymphadenectomy resulting in 10 or fewer nodes is 
inadequate 

e Awareness of complications from urinary diversion 
may decrease their occurrence (i.e., electrolyte abnor- 
malities, osteomalacia, B12 deficiency, urolithiasis) 


KEY WEB LINKS 


www.nccn.org 


Multiple choice questions 
1 Which of the following are true (select all that apply)? 


a In regards to neobladders, ureteral 
anastomosis should be made to be 
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anti-refluxing in order to decrease the 
incidence of pyelonephritis 

b Patients report similar quality of life with all 
types of diversions 

c Ileal conduits pose a higher risk to the upper 
tracts than neobladders 

d A ureteroileal anastomosis using a Wallace 
technique reduces the frequency of anastomotic 
stricture 


2 Prior to endoscopic resection, a mass is felt on 
examination along the left wall of the bladder. Resec- 
tion is performed to completion. Repeat examination 
reveals a mobile, palpable mass of the left bladder 
wall. What is the clinical stage of this patient? 

a Tl 

b T2 

c T3 

d T4 


3 A 72-year-old gentleman with hydronephrosis and 
muscle invasive bladder cancer undergoes radical cysto- 
prostatectomy with an ileal conduit after having neoad- 
juvant chemotherapy with MVAC (methotrexate, vin- 
blastine, doxorubicin, and cisplatin). When compared 
to individuals who did not receive chemotherapy, he is 
more likely to experience recurrence in the... 

a Bone marrow 

b Brain 

c Liver 

d Lung 
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KEY POINTS 


e Penile cancer risk increases significantly with 
increasing age, poor hygiene, and the presence of a 
foreskin. 

e Clinical examination of the inguinal lymph nodes is 
critical, as nodal involvement is a poor prognostic 
feature. Patients with T2 or higher grade tumors and 
lymphovascular invasion are at high risk of nodal 
involvement and probably should have a lymph node 
dissection. 


e Penile lesions are often infected and cause significant 
surrounding inflammation. Despite this, 50% of palpable 
nodes will be malignant. 

e Complications are relatively common after an inguinal 
lymph node dissection (ILD) and proper meticulous surgical 
technique is important to decrease postoperative morbidity. 

e Urethral cancer is rare and may present as urinary 
obstruction or as an infectious lesion with a fistula and 
abscess. 


CASE STUDY 


A 63-year-old man presents to his primary care physician 
with progressing phimosis, discharge, and a somewhat 
painful enlarging glans. He is an uncircumcised single 
man who immigrated from the southern hemisphere with 
a long history of cigarette smoking, chewing tobacco, and 
snuff use. Past medical history includes diabetes, reflux, 
and a remote history of treated sexually transmitted dis- 
ease and IV drug use. Antibiotics were initially helpful 
but have subsequently failed. He was eventually referred 
to his local urologist who was unable to retract his fore- 
skin to directly examine his glans. Further examination 
revealed a firm glans with possible extension into the 
shaft of his penis. Inguinal nodes were nonpalpable. Im- 
aging did not reveal evidence of distant disease. He was 


consented for a penile biopsy and possible partial penec- 
tomy. During the surgery, a partial penectomy was per- 
formed and final pathology revealed Grade 2 squamous 
cell carcinoma invading the corpora cavernosum with 
lymphovascular invasion and 2 cm clear margins. The 
option of performing a bilateral IND was discussed with 
the patient and he elected to proceed. A bilateral superfi- 
cial resection was performed with no evidence of disease 
during the surgery but final pathology showed unilateral 
nodal involvement within one node on the right. Unfortu- 
nately he postoperatively developed a lymphocele shortly 
after his drain was removed which ultimately resolved 
with percutaneous drainage. He has now been disease- 
free for 6 months. 
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Epidemiology 


Squamous cell carcinoma of the penis and primary 
urethral cancer are relatively rare compared to other 
GU malignancies in developed nations. There is a 
much higher incidence in countries such as Uganda 
and Brazil [1] and very low rates in Israel. It is most 
commonly diagnosed in, but not exclusively a dis- 
ease of, the elderly. Poorer socioeconomic status has 
been shown to confer increased risk and also possibly 
contribute to a delay in treatment. Early diagnosis, 
grading, and staging can lead to effective treatments 
with multimodal therapy; however, late-stage disease 
ultimately has a poor prognosis. 

There are a number of well-established risk fac- 
tors for penile cancer. The presence of a foreskin has 
been reported to cause a 3-fold increased risk [2, 3] of 
developing penile cancer and phimosis increases this 
to 16-65 fold [4, 5]. It has been speculated that in- 
flammation and smegma contribute to the increased 
risk. Interestingly, other studies have shown that only 
early circumcision in the neonatal period is protec- 
tive, which argues against chronic inflammation as 
the underlying mechanism [6, 7]. Smoking, chewing 
tobacco, number of sexual partners, and HPV 16/18 
are also risk factors for squamous cell carcinoma to 
the penis. 


Clinical presentation 


Benign lesions such as inclusion cysts, lipomas, and 
neuromas may arise but usually they have been 
present for extended periods of time with little or 


CHAPTER 22 PENILE AND URETHRAL CANCER 


no clinical change. A number of premalignant le- 
sions which require treatment and close follow-up are 
listed in Table 22.1. Differentiating between benign, 
premalignant, and malignant lesions can be challeng- 
ing and up to 25% of dysplastic premalignant lesions 
are incorrectly diagnosed [2]; therefore, a very low 
threshold to biopsy a lesion in question is advisable. 

Penile carcinoma usually presents with a lump or 
nodule on the glans and prepuce and less commonly 
on the coronal sulcus and shaft [8]. Delays in seeking 
medical attention is a problem and can lead to patients 
presenting with large fungating ulcerative lesions of- 
ten with evidence of metastatic disease through direct 
extension and/or inguinal nodes’ involvement. Despite 
local invasion, pain is not proportional to clinical ex- 
amination unless a secondary infection arises. Clinical 
examination should include careful inspection of the 
glans, foreskin, shaft, scrotum, and perineal region. 
A rectal examination and meticulous palpation of the 
inguinal nodes is also essential. 


Investigations 


Focused laboratory investigations directed to inves- 
tigate anemia, infection, urinary obstruction, and 
hypercalcemia should be undertaken in addition to 
standard bloodwork. Direct extension and obstruc- 
tion of the urethra needs to be considered and hyper- 
calcemia secondary to paraneoplastic syndrome has 
been reported with penile cancer. 

Distant metastasis does occur but usually presents 
later in the course of the disease after palpable inguinal 
metastasis. Therefore, initial staging with radiological 


Table 22.1 Premalignant lesions which have been shown to evolve into squamous cell carcinoma, their associated pathology, 


and recommended treatments 


Premalignant lesion Pathology 


Recommended treatment 


Cutaneous horn 


Pseudoepitheliomatous micaceous 
and keratotic balanitis 

Lichen sclerosis (BXO) 
Leukoplakia 

Condyloma accuminata HPV infection 


‘Verrucous carcinoma 


Hyperkeratotic and micaceous growth 


Atrophic epidermis and loss of rete pegs 


Hyperkeratosis and leukoplakia 


Broad round rete pegs/HPV 6 and 11 


Hyperkeratosis, associated with HPV 16 Surgical excision and close observation 


Surgical excision and close observation 


Topical steroid cream and surgical excision 
Surgical excision circumcision 
Imiquimod cream (5%) 


Surgical excision. Radiotherapy is associated 
with malignant degeneration 
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imaging has limited utility in patients with nonpal- 
pable disease. Ultrasound and cross-sectional imag- 
ing have both been investigated and have been shown 
to help modestly with staging of the primary lesion. 
They may be more useful in obese patients in whom 
an inguinal node examination is difficult. Imaging can 
be helpful in patients with palpable inguinal nodes to 
further delineate the extent of distant disease. 


Staging and grading 
Penile cancer grading is based on cellular anaplasia; 


Grade 1 well differentiated, Grade 2 moderately dif- 
ferentiated, and Grade 3 poorly differentiated. Some 


grading systems include a fourth category defined as 
undifferentiated [9]. Increasing grade is associated 
with increasing probability of nodal involvement and 
therefore prognosis [10, 11]. In addition to grade 
and stage, lymphovascular invasion is prognostic and 
may be important in guiding the decision to perform 
a lymph node dissection. Patients with T2 or higher 
grade tumors and lymphovascular invasion are at 
high risk of nodal involvement and probably should 
have a lymph node dissection [12, 13]. Other inves- 
tigators have similarly shown that lymphovascular 
invasion, high grade tumors and nodes are the strong- 
est predictors of metastatic disease [14]. The AJCC 
TNM staging system has recently been revised and is 
outlined in Table 22.2. 


Primary tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

Ta Noninvasive verrucous carcinoma 

Tla Tumor invades subepithelial connective tissue without lymph vascular invasion and is not poorly 


differentiated (i.e., Grade 3—4) 


T1b Tumor invades subepithelial connective tissue with lymph vascular invasion or is poorly differentiated 
T2 Tumor invades corpus spongiosum or cavernosum 

T3 Tumor invades urethra 

T4 Tumor invades other adjacent structures 


Regional lymph nodes (N) clinical stage definition 


cNX Regional lymph nodes cannot be assessed 

cNO No palpable or visibly enlarged inguinal lymph nodes 

cN1 Palpable mobile unilateral inguinal lymph node 

cN2 Palpable mobile multiple or bilateral inguinal lymph nodes 

cN3 Palpable fixed inguinal nodal mass or pelvic lymphadenopathy unilateral or bilateral 
Regional lymph node: pathologic stage definition 

pNX Regional lymph nodes cannot be assessed 

pNo No regional lymph node metastasis 

pN1 Metastasis in a single inguinal lymph node 

pN2 Metastases in multiple or bilateral inguinal lymph nodes 

pN3 Extranodal extension of lymph node metastasis or pelvic lymph node(s) unilateral or bilateral 
Distant metastasis (M) 

MO No distant metastasis 

M1 Distant metastasis 
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Primary lesion 


Treatment of the primary lesion is dependent on the 
clinical stage and location. A more conservative treat- 
ment should be reserved for smaller lesions, where- 
as more aggressive surgical approaches should be 
directed to larger lesions. Irrespective of the approach, 
the goal of all treatments is to achieve negative surgical 
or destructive margins. In general, Tis, Ta, and Tla 
(lower grade) tumors can be treated with surgical exci- 
sion, laser ablation, or Mohs microsurgery. T1b high 
grade and T2 tumors involving the glans should be 
resected. T2 tumors into the corpora should be sur- 
gically resected with a partial amputation if feasible 
[15]. Patients with T3 disease require a total penec- 
tomy and perineal urethrostomy. Finally, T4 disease 
can be approached surgically in select patients who 
respond to neoadjuvant chemotherapy [16]. 
Radiotherapy as external beam and/or brachytherapy 
is an alternative to surgical excision with reasonable 
local control rates, but it should be limited to lesions 
smaller than 4 cm. Salvage surgery may be required with 
recurrence [17-19]. Complications include urethral ste- 
nosis, glans necrosis, and fibrosis of the corpora [19]. 


Inguinal lymph nodes 


Lymphatic drainage of the penis is bilateral and re- 
cent drainage studies have revealed that sentinel nodes 
are somewhat variable but are primarily located in the 
superior and central inguinal zones, with the major- 
ity being in the medial superior zone [20]. Complica- 
tions from inguinal node dissections (INDs) such as 
skin edge necrosis, lymphedema, wound infection, se- 
roma formation, and DVT are relatively common even 
though complication rates have decreased since the 
modification of the surgical template. These complica- 
tions have led to the development of sentinel node bi- 
opsy which has seen significant improvements recently 
with reported sensitivities and specificities of 100% 
and 95%, respectively [21, 22]. Preoperative injection 
of Tc99 and blue dye is performed followed by surgi- 
cal mapping and the standard surgical inguinal node 
template is completed if the sentinel nodes are positive. 
Nevertheless, there is some controversy as to which, 
and how, patients with nonpalpable nodes should un- 
dergo a node dissection. Approximately 20% of non- 
palpable nodes are later found to contain tumor. More 
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recent evidence suggests that early lymphadenectomy 
results in a 2-fold improvement in 5-year survival 
compared to delayed lymphadenectomy [23]. Classi- 
fication systems incorporating patients into low (pTis, 
plaG1-2, pT1G1), intermediate (T1G2), and high risk 
(T2 any G3) groups are helpful and may be used as 
a guide. The probability of having nodal involvement 
with these abovementioned categories was 7.7%, 
28.6%, and 75%, respectively [24]. Surveillance of 
nonpalpable nodes can be performed in patients with 
low risk tumor, Tis, Ta, and T1G1. Intermediate risk 
patients, as outlined above, are dependent on lympho- 
vascular invasion, and if present are likely to benefit 
from removal of the inguinal nodes. High risk patients 
benefit from a bilateral node dissection. 

The timing of surgical intervention has also been 
investigated, where early intervention in some studies 
is associated with improved survival compared to de- 
layed lymphadenectomy [23, 25]. Further, Theodoric 
et al. found a high relapse rate in patients undergoing 
surveillance with initially node-negative disease [26]. 
This data suggests that if a node dissection is going to 
be performed in node-negative patients, then it should 
be performed early rather than be delayed. 


Palpable inguinal nodes 


Almost half of patients with penile cancer present with 
palpable nodes [27] and ~50% of palpable nodes are 
inflammatory. Therefore a trial of antibiotics may be 
warranted, followed by re-examination. If the nodes 
remain palpable after antibiotic treatment or are obvi- 
ously metastatic then aggressive intervention is likely 
needed. Surgical templates include the superficial and 
deep inguinal nodes bilaterally even with the pres- 
ence of unilateral disease, given the lateral crossover 
of lymphatics and a 60% chance of bilateral disease. 
Neoadjuvant chemotherapy has recently been investi- 
gated in a few small studies with promising results and 
therefore it could be considered in select cases [28, 29]. 


Surgical technique of inguinal 

node dissection 

The surgical inguinal lymph node dissection (ILD) 
for patients with clinically negative inguinal nodes 


was modified by Catalona [30, 31] to decrease 
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postoperative complications. A shorter incision, lim- 
iting the lateral dissection to the femoral artery and 
preservation of the saphenous vein, decreased compli- 
cations and prevented the need for sartorius muscle 
transposition. A full standard dissection (laterally the 
sartorius muscle, inferiorly the base of the femoral tri- 
angle, and medially to the adductor longus muscle) 
should be carried out if nodes are palpable or if the 
frozen section is positive during a modified template. 


Pelvic lymph node dissection 


Survival with penile SCC metastasized to the pelvic 
node involvement is poor, with an average 5-year sur- 
vival of ~10% [32]. Nevertheless, some argue that a 
pelvic lymph node dissection (PLND) should be part 
of the surgical algorithm as it may have some ben- 
efit and palliation. Pelvic lymph nodes should only 
be considered for removal if there is inguinal involve- 
ment. More than two positive inguinal nodes have 
been shown to be predictive of pelvic lymph node in- 
volvement [23, 33] and therefore can be used to guide 
the decision to perform a PLND. Further, if there is 
clear metastasis in the pelvis and abdomen then a 
PLND should not be undertaken; however, a pallia- 
tive IND has been argued to be beneficial [32, 34]. 


Complications of lymph node dissection 


Complications after an IND dissection are common. 
Skin necrosis, flap necrosis, lymphocele, seroma, 
lymphedema, DVT, and cellulitis are all known to oc- 
cur [32]. Prevention of the complications is primarily 
dependent on preservation of the skin flap vascular 
supply and careful handling of flap tissue. Postopera- 
tive drainage is recommended and grafting and mus- 
cle flaps can be used especially in extensive disease. 


Summary 


Penile cancer is a relatively rare GU malignancy in 
the developed world. Key points in its management 
include a low threshold for biopsy and excision of 
suspicious lesions as misdiagnosis is common. Low- 
stage lesions (CIS, T1) can be managed with local ex- 
cision and somewhat conservatively; however, radical 
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operative approaches are necessary as the stage of 
the presenting lesion increases. Lymphadenectomy, 
depending on the presenting lesion, should be per- 
formed; however, the extent and whether to include 
a pelvic node dissection is controversial. Sentinel 
node biopsy techniques seem to be improving and are 
reported to be reproducible, but currently should be 
performed in surgical centers with technical expertise. 


Urethral cancer 


Less than 1% of all malignancies in male patients are 
primary urethral cancer [35]. Urethral cancer is great- 
er in men than in women with the overall annual in- 
cidence rate being 4.3 per million for men and 1.5 per 
million for women [36]. From 1973-2002, the inci- 
dence of all histological types of primary urethral can- 
cer has been trending downward [36]. Inflammation 
of the urethra due to sexually transmitted infections, 
urethritis, or urethral stricture is thought to increase 
the risk of developing urethral cancer. 


Anatomy and pathology 


The urethra has three distinct segments. The pros- 
tatic and bulbomembranous segments are lined with 
transitional epithelium, whereas the penile segment 
is lined with pseudocolumnar stratified epithelium. 
Typically, transitional cell carcinoma and adeno- 
carcinomas arise in the proximal segment of the 
urethra, whereas squamous cell carcinoma arises in 
both the proximal and the distal urethra. The major 
route of spread is by drainage into regional lymph 
nodes. The lymphatic drainage bed varies depending 
on the segment of the urethra. The penile urethra 
drains into the superficial and deep inguinal nodes, 
whereas the bulbomembranous and prostatic ure- 
thra segments drain into the internal and external 
iliac nodes [37]. 


Clinical presentation 


Urethral cancers can present with symptoms rang- 
ing from urinary tract obstruction, dysuria, purulent 
discharge, and hematuria. Hematuria is typically 
present on initiation of micturition. The presence of 


a periurethral abscesses or fistula should raise the 
suspicion of urethral carcinoma and a biopsy is of- 
ten warranted. 


Initial evaluation 


Initial evaluation of a patient suspected of having ure- 
thral cancer should include a meticulous physical ex- 
amination of the urethra, surrounding structures, and 
lymph nodes, as well as a history that questions risk 
factors associated with urethral strictures and causes 
of urethral inflammation. Direct visualization with 
cystoscopy and a biopsy of the suspected lesions are 


Table 22.3 AJCC 2010 TNM urethral cancer staging 
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likewise critical components of the initial investiga- 
tion. Patients with fistulas or urethral abscesses should 
also be considered to potentially have malignant le- 
sions. Imaging of the abdomen and pelvis should be 
performed with either MRI or enhanced CT. 


Treatment 


Well-defined treatment algorithms are poorly de- 
fined given that primary urethral cancer is so rare. 
Nevertheless, clinical staging (Table 22.3), grade, 
and location of the tumor have been found to be 
the predominant factors in determining clinical 


Primary tumor (T) 


TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

Ta Noninvasive papillary, polypoid, or verrucous carcinoma 

T1 Tumor invades subepithelial connective tissue 

T2 Tumor invades any of the following: corpus spongiosum, prostate, periurethral muscle 

T3 Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, anterior vagina, bladder neck 
T4 Tumor invades other adjacent organs 


Urothelial (transitional cell) carcinoma of the prostate 
Tis pu 


Carcinoma in situ, involvement of the prostatic urethra 


Tis pd Carcinoma in situ, involvement of the prostatic ducts 

T1 Tumor invades urethral subepithelial connective tissue 

T2 Tumor invades any of the following: prostatic stroma, corpus spongiosum, periurethral muscle 

T3 Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, bladder neck (extraprostatic 
extension) 

T4 Tumor invades other adjacent organs (invasion of the bladder) 


Regional lymph nodes (N) 


Distant metastasis (M) 
MO No distant metastasis 


M1 Distant metastasis 


NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single lymph node 2 cm or less in greatest dimension 

N2 Metastasis in a single node more than 2 cm in greatest dimension, or in multiple nodes 
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management and patient survival [38]. For low- 
stage tumors (Ta-2, NO, MO) that involve only the 
distal urethra, surgical excision, or radiotherapy are 
viable treatment options. [37]. Overall, for patients 
with low-stage disease (Ta-2, NO, MO), treatment 
outcomes are improved regardless of the method of 
treatment [38]. Multimodal therapy (neoadjuvant 
chemotherapy and radiation therapy, either with or 
without surgery) has been shown to be beneficial 
in later-stage tumors [38]. Predictors of increased 
likelihood of death, as well as death from disease, 
include advanced age, higher grade, higher T stage, 
systemic metastasis, other histology (non-TCC, non- 
SCC, nonadenocarcinoma) versus TCC, and no sur- 
gery versus radical resection [35]. Other than stage 
and grade, predictors of mortality are nodal metas- 
tasis and adenocarcinoma as compared with TCC 
[35]. In men with T2-4 nonmetastatic urethral can- 
cer, significantly higher cancer-specific survival was 
noted with excision or radical surgery alone com- 
pared with radiation alone or with neither surgery 
nor radiation [35]. 


Summary 


Urethral cancer is a rare but morbid disease. Treat- 
ment is primarily dependent on location and stage 
at presentation. High-stage lesions should be treated 
with multimodal therapy. 


WHAT TO AVOID 


e Penile lesions are often misdiagnosed; therefore, sur- 
geons must have a low threshold for biopsies of suspi- 
cious lesions. 


Urethral lesions/strictures associated with fistulas or 
abscesses should be biopsied and have a high suspicion 
for urethral cancer. 


KEY WEB LINKS 


National Comprehensive Cancer Network 
http://www.nccn.org/professionals/physician_gls/f_ 
guidelines.asp 


European Urological Association 
http://www.uroweb.org/guidelines/online-guidelines/ 
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Multiple choice questions 


1 Prognosis of squamous cell carcinoma of the penis 
is most dependent on: 

a Grade 

b Smoking history 

c Lymph node involvement 

d Lymphovascular invasion 


2 All are premalignant lesions for squamous cell car- 
cinoma of the penis except: 

a Verrucous carcinoma 

b BXO 

c Leukoplakia 

d Pseudoepitheliomatous keratotic and 

micaceous balanitis 
e Herpes 
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KEY POINTS 


e Upper tract urothelial cancer is relatively rare, and 
constitutes 10% of renal malignancies and 5% of 
urothelial cancers overall. 

Diagnosis of this entity has been rising over the last 
several decades likely due to improved axial imaging 
techniques, advances in endoscopic technology, and 
improved survival from bladder cancer leading to higher 
rates of metachronous upper tract recurrence. 

Patients with transitional cell carcinoma (TCC) of the 
upper tract generally present with gross or microscopic 
hematuria (80%). 

Diagnostic evaluation should include axial abdominal 
imaging including CT or MR urography, chest imaging, 
urine cytology, cystoscopy, full bloodwork including 
assessment of renal function and liver function tests, and 
endoscopic evaluation with biopsy. 


e The gold standard treatment for high-grade, 

invasive, and/or bulky upper tract lesions is radical 
nephroureterectomy with bladder cuff excision; this can 
be performed by open or minimally invasive techniques. 
Nephron-sparing surgery, either segmental ureterectomy 
or endoscopic ablation, should be considered for low-risk 
disease and/or when there is a compelling reason for 
renal preservation (e.g., chronic kidney disease, solitary 
kidney); however, these patients should be counseled 
regarding the risks of recurrence and the need for vigilant 
lifelong surveillance. 

Platinum-based chemotherapy has a role in treating high- 
risk upper tract TCC in both neoadjuvant and adjuvant 
settings; however, the purported benefits of these 
approaches are extrapolated from the bladder cancer 
experience. 


CASE STUDY 1 


A 75-year-old man presents to the urologist with micro- 
scopic hematuria, referred by his primary care physi- 
cian. His medical history is remarkable for hypertension 
and coronary artery disease. He reports a 30 pack-year 
smoking history though he quit 8 years ago. His physical 
examination is unremarkable. A recent serum creatinine 
is 1.2 and liver function tests are normal. As part of his 
hematuria evaluation, he has a CT urogram performed 
that reveals a 1.5 cm filling defect in the right renal pelvis, 
suspicious for a soft tissue neoplasm. An office cystoscopy 
is performed, which reveals a normal bladder without le- 
sions. A voided urine cytology is atypical but cannot ex- 
clude high-grade urothelial cancer. 


The patient undergoes ureteroscopy with biopsy of the 
renal lesion; this reveals a large necrotic neoplasm in the 
right renal pelvis. Selective cytology is taken as barbotage 
over the tumor. Several biopsies of the lesion are taken and 
sent for pathology. A ureteral stent is placed to prevent 
perioperative renal colic. 

The cytology and biopsy from the operating room show 
a high-grade urothelial neoplasm. The patient has a full 
metastatic evaluation, including a chest X-ray and repeat 
bloodwork that show no evidence of metastatic disease. 
The patient is scheduled for a laparoscopic radical neph- 
roureterectomy with bladder cuff excision. The nephrec- 
tomy is performed with standard laparoscopic techniques. 
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A lymphadenectomy is performed including renal hilar 
and paracaval nodes, which are not grossly enlarged. 
A Gibson incision is made in the right lower quadrant 
for dissection of the distal ureter and bladder cuff. The 
surgery is uncomplicated and the patient is discharged 
in 3 days with a Foley catheter in place. He returns 
at 1 week for a cystogram showing a healed bladder, 


and the Foley catheter is removed. His final pathol- 
ogy shows pT3NOMx high-grade urothelial cancer. His 
postoperative serum creatinine is 1.5. He is sent for a 
consultation with medical oncology for consideration 
of adjuvant chemotherapy; however, decision is made 
to follow him expectantly with imaging, bloodwork, 
and cystoscopy. 


CASE STUDY 2 


A 59-year-old woman with a history of diabetes mellitus 
and chronic kidney disease underwent a CT scan in the 
emergency department (ED) for the evaluation of abdomi- 
nal pain; the scan detected a lesion in her left kidney. She 
is referred to the urology clinic for follow-up. She reports 
acute abdominal cramping that resolved soon after arriv- 
ing in the ED. A thorough workup in the ED included the 
scan above, as well as bloodwork that revealed a creatinine 
of 2.1, stable from prior values, and normal liver function 
tests. A chest X-ray was normal in the ED. The CT scan 
showed a possible 1 mass within the left upper pole calyx, 
and was done with oral contrast only based on elevated 
creatinine. 

In clinic, a physical examination is unremarkable. A 
urine cytology is sent and shows no abnormal cells, only 
red blood cells and inflammation. A urinalysis shows 
10 rbc/hpf without signs of infection. The patient is sched- 
uled for an MR urogram based on her renal dysfunction 
and concern regarding nephrotoxicity of iodinated con- 
trast. The MR urogram shows an 8 mm filling defect in the 
left upper pole, as well as a 5 mm defect within the renal 


pelvis. The patient is then scheduled for endoscopic evalu- 
ation in the operating room. 

Cystoscopy in the operating room reveals no bladder tu- 
mors. Ureteroscopy is performed revealing a small papillary 
tumor within the upper pole and renal pelvis, as noted on 
MRI. Urine cytology is selectively aspirated and biopsies are 
obtained. These reveal a low-grade papillary neoplasm. Treat- 
ment options are discussed with the patient, including endo- 
scopic ablative therapy versus nephroureterectomy. Given 
concern regarding worsened renal dysfunction with extirpa- 
tive surgery, and her apparently limited low-grade disease, 
she opts for endoscopic ablation. She is brought back to the 
operating room where flexible ureteroscopic Holmium laser 
ablation is performed of her lesions. She tolerates this well 
and has a stent placed that is removed in clinic 1 week later. 

Three months later, she has repeat endoscopy that shows 
a small papillary regrowth near the site of prior ablation. 
This is biopsied and re-ablated. Biopsy again shows low- 
grade neoplasm. Cytology at that time shows mildly atypi- 
cal cells. She is scheduled for repeat endoscopic evaluation 
with contralateral retrograde pyelogram 3 months later. 


Introduction 


Upper tract urothelial tumors are relatively rare, com- 
prising ~10% of all renal tumors and 5% of urothe- 
lial tumors [1]. These tumors occur more commonly 
in the renal collecting system (75%) but also occur 
within the ureter (25%). The histology of these le- 
sions is transitional cell carcinoma (TCC) in >90% 
of patients; this chapter will focus primarily on de- 
tails of this process, as other upper tract tumors occur 
quite infrequently. The pathophysiology and treat- 
ment paradigms for upper tract TCC mirror those 
in bladder cancer, as urothelial cancer is considered 
a “field defect” that places the entire urinary tract at 
risk. In this chapter, we review the epidemiology and 
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pathophysiology of upper tract TCC, as well as the 
standard diagnostic evaluation and treatment options 
that include both extirpative and ablative surgical 
techniques. 


Pathology 


Upper tract urothelial tumors are TCC in the vast ma- 
jority of cases (>90%). As in the bladder, upper tract 
TCC can be papillary or sessile, as well as uni- or mul- 
tifocal. Invasion is thought to occur more rapidly in 
the upper tract, however, because of the thinner mus- 
cular layer of the urothelium. In fact, 60% of upper 
tract lesions are invasive at diagnosis compared with 


15% of bladder tumors [2]. There is a micropapillary 
subtype of TCC that is infrequently seen but is associ- 
ated with a poor outcome. 

Other histopathologies for upper tract tumors 
include squamous cell carcinoma (SCC) (9%), adeno- 
carcinoma, sarcoma, and inverted papilloma (1%). 
Risk factors for SCC are thought to include chron- 
ic inflammation, infection, and cyclophosphamide 
exposure. These tumors occur more commonly in the 
renal pelvis, and have a higher likelihood of invasive 
disease at initial diagnosis. Adenocarcinoma is associ- 
ated with inflammation, stone disease, and long-term 
obstruction, and generally presents at an advanced 
stage. Sarcomas occur infrequently and may include 
leiomyosarcoma, plasmacytoma, and angiosarco- 
ma [3]. Additional benign tumors of the upper tract 
include inverted papilloma, fibroepithelial polyps, 
and neurofibroma. 


Epidemiology 


Recent studies have demonstrated a rise in the inci- 
dence of upper tract TCC in the last 30 years, with 
peak incidence occurring in patients 75-79 years 
old (10 per 100,000) [4, 5]. Rising incidence has 
been thought to result from refinements in cross- 
sectional abdominal imaging techniques, as well 
as from improvements in upper tract endoscopic 
technology. Also, improvements in bladder cancer 
survival have likely led to an increased suscepti- 
bility to metachronous upper tract recurrence [4]. 
Upper tract TCC occurs three to four times more 
commonly in males compared with females, and 
Caucasians are affected approximately twice as 
frequently as African Americans. Geographically, 
the highest incidence of upper tract TCC occurs in 
Balkan countries, where urothelial cancer comprises 
40% of all renal cancers [3]. 

Tobacco smoking is considered the most significant 
risk factor for upper tract TCC. Increased coffee con- 
sumption, analgesic abuse (i.e., phenacetin), arsenic 
exposure, and certain occupational exposures includ- 
ing aromatic amines have also been reported to be 
risk factors. Aristolochic acid and certain Chinese 
herbs have proposed causative roles for upper tract 
TCC. A high incidence of this disease has been seen 
in Taiwan, and an association with blackfoot disease 
has been described. 
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Balkan nephropathy is a degenerative interstitial 
nephropathy that has been reported to occur with 
increased frequency in the Balkan nations, that is, 
Southeastern Europe, and is associated with an in- 
creased incidence of upper tract TCC. Tumors in 
these patients are typically low grade, and are more 
commonly multiple and bilateral. There is thought to 
be an environmental etiology that has not been pre- 
cisely identified. Upper tract tumors related to Balkan 
nephropathy, analgesic abuse, and arsenic exposure 
are thought to have an increased tendency toward 
multiple and bilateral recurrences [3]. 


Pathophysiology 


TCC in the upper tract is thought to evolve from 
hyperplasia to dysplasia, to carcinoma in situ (CIS) 
and then to invasive cancer [3]. This pathophysiol- 
ogy is thought to mirror cell progression in the lower 
urinary tract. It is hypothesized that there is a “field 
defect” in urothelial cancer such that all urothelial 
cells are theoretically at risk as they may spawn from 
the same progenitor cell. High-grade tumors are more 
likely to invade underlying tissues, and to be associat- 
ed with CIS elsewhere on the urothelium. The risk of 
invasion may be higher in the upper tract compared 
with the bladder, as the renal pelvis and ureter have 
a thinner muscle layer that may increase risk of inva- 
sive disease. Some have hypothesized that the ureter 
may be at particular risk for tumor extension as the 
kidney has parenchyma to act as a barrier to local 
progression [3]. However, when adjusted for tumor 
stage, tumor location (renal pelvis vs. ureter) does 
not appear to independently impact prognosis [2, 6]. 
Ureteral tumors occur more frequently in the distal 
ureter (80%) compared with the mid (25%) and the 
proximal ureter (5%) [3]. Bilateral upper tract disease 
occurs in 1.6-6% of sporadic cases [3]. 

Upper tract TCC can spread via direct invasion, 
lymphovascular invasion, and/or epithelial advance- 
ment by seeding or direct spread. Lymphatic spread 
depends on the location and stage of the primary tu- 
mor, but can involve para-aortic, paracaval, and ipsi- 
lateral common iliac and pelvic lymph nodes. Hema- 
togenous metastasis can involve the liver, lung, bones, 
and regional lymph nodes [3]. 

Upper tract TCC occurs after bladder cancer treat- 
ment in up to 7% of patients [7, 8]. Patients with CIS 
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of the bladder are more likely to have upper tract re- 
currence [3]. Additional risk factors for upper tract 
recurrence include high-grade, nonmuscle invasive 
disease, and trigonal or periureteral disease [9]. 
Patients with upper tract TCC have a 15-75% risk 
of developing metachronous bladder cancer within 
5 years; downstream seeding of tumor cells is thought 
to contribute to this high rate [3]. 

The molecular and genetic biology of upper tract 
TCC is thought to be similar to disease in the bladder. 
Overexpression of certain tumor suppressor genes 
have been implicated, including TP53, RB, gene foci 
on chromosome 9 [3]. Certain genetic syndromes are 
associated with upper tract TCC; in particular, Lynch 
syndrome II is associated with colonic tumors and 
extracolonic neoplasms including upper tract carci- 
noma. This syndrome is caused by mutations in DNA 
mismatch repair genes. 


Diagnosis 


Hematuria (gross or microscopic) is the most com- 
mon presenting sign of upper tract urothelial cancer 
(80%). Pain may occur in up to 30% of cases, and 
symptoms of advanced disease may include weight 
loss, anorexia, and fatigue. Up to 40% of patients de- 
velop upper tract obstruction from tumor or blood 
clots [3]. Incidental diagnosis during imaging occurs 
in up to 15% of patients. 

Initial evaluation for suspected upper tract TCC 
includes a history and physical examination, cross- 
sectional abdominal imaging, chest imaging, cystos- 
copy, urine cytology, and full bloodwork including 
a complete blood count, basic metabolic panel, and 
liver function tests. 

Contemporary axial imaging for assessment of up- 
per tract cancer includes computed tomography (CT) 
or magnetic resonance (MR) urography. Scans are ob- 
tained with delayed phases to detect enhancing lesions 
and filling defects within the renal pelvis and ureters. 
These modalities have superior detection for upper 
tract lesions compared with conventional excretory 
urography or ultrasound [10]. Pooled sensitivity and 
specificity of CT urography may exceed 96% for up- 
per tract lesions [11]. Findings suggestive of upper 
tract disease include radiolucent filling defects on uro- 
graphic phases, mass lesions with enhancement, and/ 
or obstruction or incomplete filling of the upper tract. 
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Differentiating primary renal neoplasms from urothe- 
lial cancer is generally straightforward, as urothelial 
cancers arise from the collecting system and may have 
a more infiltrative appearance, while renal neoplasms 
are more encapsulated and within the parenchyma. 
However, in selected cases, discriminating between 
these lesions can be challenging and ureteroscopic 
evaluation may be needed for differentiation prior 
to pursuing treatment. Axial abdominal imaging also 
provides staging information regarding local extent, 
lymphadenopathy, and visceral metastatic disease, 
and delineates the anatomy and function of the con- 
tralateral kidney. Patients who have contraindications 
to intravenous contrast, either iodinated or gadolin- 
ium, can alternatively undergo retrograde pyelogra- 
phy. Chest imaging, either plain radiography or CT, 
should be performed to ensure the absence of lung 
metastasis. Additional imaging may be warranted 
based on clinical presentation or laboratory data, for 
example, a nuclear bone scan for the presence of bone 
pain or high-serum LDH. 

Cystoscopy should be performed in patients with 
suspected upper tract TCC as these patients are at 
risk for synchronous bladder lesions. This may re- 
quire staging and definitive management as well that 
can be coordinated with treatment of upper tract 
disease. Urine cytology from the bladder should be 
obtained, though sensitivity may vary based on tumor 
grade [12]. Patients may be encountered with positive 
bladder urine cytology but a normal bladder and pro- 
static urethra endoscopically, and normal upper tract 
imaging; in these patients, selective upper tract cytol- 
ogy should be obtained with consideration of ureter- 
oscopy to rule out upper tract CIS. 

Diagnosis of a filling defect or suspicious urothelial 
process mandates a ureteroscopic evaluation. Indeed, 
small, sessile lesions or CIS may not be evident on 
urographic imaging. Upper tract endoscopy has ad- 
vanced technologically in the last several decades to 
enable routine access to the upper tract. Smaller and 
more flexible endoscopes allow for assessment of the 
entire collecting system, with improved resolution 
from digital technology. Diagnostic accuracy can im- 
prove up to 90% with endoscopic evaluation from 
75% with excretory or retrograde urography [3]. 

If a tumor is discovered, biopsy should be performed 
with a basket, grasper, or brush device through the 
ureteroscope. If there is high suspicion for superficial 
disease with limited focality, ablative treatment can be 


performed at that time (see the discussion in the Man- 
agement section below). Otherwise, definitive man- 
agement should await biopsy results, as these may 
determine whether extirpative or ablative treatment 
is recommended. Ureteroscopy with biopsy enables 
staging with good sensitivity for tumor grade (78%) 
[13, 14]. 

See Table 23.1 for the TNM clinical staging system 
for upper tract TCC [15]. 


Table 23.1 American Joint Committee on Cancer (AJCC) 
tumor, node, metastasis clinical classification for renal 
pelvis and ureteral tumors 


Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Ta Noninvasive papillary carcinoma 

Tis Carcinoma in situ 

T1 Tumor invades subepithelial connective tissue 
T2 Tumor invades the muscularis 


T3 Renal pelvis: tumor invades beyond muscularis into 
peripelvic fat or renal parenchyma 


Ureter: tumor invades beyond muscularis into 
periureteric fat 


T4 Tumor invades adjacent organs or through the 
kidney into perinephric fat 


Nx Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 


N1 Metastasis in a single lymph node <2 cm in greatest 
dimension 


N2 Metastasis in a single lymph node >2 cm but <5 cm 
in greatest dimension, or multiple lymph nodes 
(all <5 cm) 


N3 Metastasis in a lymph node >5 cm in greatest 
dimension 


Mx Distant metastasis cannot be assessed 
MO No distant metastasis 


M1 Distant metastasis 


Source: American Joint Committee on Cancer. AJCC Cancer Staging 
Manual. New York: Springer; 2010; 646. 
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Management 


Treatment options for upper tract TCC include both 
extirpative and ablative techniques. The extirpative 
techniques include open versus laparoscopic radical 
nephroureterectomy and open versus laparoscopic 
segmental ureterectomy; the ablative techniques 
include retrograde versus antegrade/percutaneous 
tumor ablation. The gold standard treatment for 
invasive, high-grade, and/or bulky disease is radi- 
cal nephroureterectomy with bladder cuff excision. 
Nephron-sparing approaches (i.e., segmental ureter- 
ectomy or endoscopic ablation) can be considered 
for noninvasive, low-grade disease, and/or those with 
impaired renal function or medical contraindications 
to extirpative surgery. Unfortunately, the low inci- 
dence of upper tract TCC and lack of level 1 evidence 
regarding treatment options has made it difficult to 
draw definitive conclusions about relative treatment 
efficacy [16]. 

Neoadjuvant chemotherapy has recently entered 
the treatment paradigm for upper tract TCC, similar 
to its role in bladder cancer [17]. Patients with ad- 
vanced disease (>T2) may obtain a survival advantage 
from neoadjuvant therapy, typically platinum-based 
agents analogous to those utilized in the lower tract 
experience. Neoadjuvant therapy may enable high- 
risk patients to receive chemotherapy that might be 
contraindicated after nephroureterectomy based on 
deterioration of renal function [18]. Given the low 
incidence of this disease, however, benefits for upper 
tract patients are extrapolated from the lower tract 
literature, and there is no level 1 evidence of a survival 
benefit in this population. 


Extirpative surgery 


Historically, partial nephrectomy has been considered 
for selected invasive tumors with an imperative indi- 
cation for renal preservation (e.g., solitary kidney). 
However, this is not the standard of care, and high 
recurrence rates have been reported [3]. Even for 
solitary kidneys with high-risk lesions, it is presently 
thought that radical nephroureterectomy with dialy- 
sis is the preferred option to maximize survival [3]. 
The gold standard treatment for high-grade, in- 
vasive (2T2) lesions is radical nephroureterectomy 
with bladder cuff excision [19]. This can be performed 
by either open or minimally invasive techniques with 
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comparable outcomes [20]. Also, bulky or multifo- 
cal low-grade disease may be best treated with neph- 
roureterectomy. Excision of the distal ureter and 
bladder cuff are mandatory, as there is a high rate of 
recurrence if this is not done (7-30%) [12]. 

Open radical nephroureterectomy can be performed 
through various incisions including a long midline in- 
cision, a subcostal incision in addition to a Gibson, 
lower midline, or Pfannenstiel incision for bladder 
cuff removal, or a single thoracoabdominal incision. 
The specimen should include the kidney, Gerota’s fas- 
cia, perinephric fat with or without the ipsilateral ad- 
renal gland, ureter, and bladder cuff. The adrenal may 
be spared if there are no radiographic abnormalities 
and it is grossly normal during dissection. 

Laparoscopic/robotic surgery can be performed as 
well through standard nephrectomy techniques. The 
approach can be transperitoneal, retroperitoneal, 
and hand assisted. Lower perioperative morbidity is 
achieved through the minimally invasive approach, in- 
cluding shorter hospital stay, less postoperative pain, 
and expedited overall recovery [21]. Long-term can- 
cer control with laparoscopic nephroureterectomy has 
been shown to be equivalent to open surgery [22, 23]. 
However, distal ureteral and bladder cuff dissection 
typically require additional ports to triangulate toward 
the distal ureter and pelvis. Laparoscopic nephrecto- 
my with open bladder cuff excision, through a Gibson, 
midline, or Pfannenstiel incision, is a viable approach, 
as the lower incision allows for both straightforward 
bladder dissection and extraction of the specimen. 
There are numerous techniques for managing the 
distal ureter and bladder cuff in a minimally invasive 
fashion. These include transurethral resection of the 
ureteral orifice, intussusception (stripping) technique, 
transvesical ligation and detachment, and a total lapa- 
roscopic/robotic technique [3]. Importantly, TCC has 
the potential to seed surfaces that it contacts, thus 
maintaining a “closed system” is mandatory [3]. This 
includes controlling the ureter with ties or clips during 
dissection, as well as placing the specimen within a 
specimen bag prior to extraction. 

Regional lymphadenectomy should be performed 
with radical nephroureterectomy when feasible. For 
tumors of the renal pelvis and proximal or mid ure- 
ter, removal of ipsilateral renal hilar nodes as well 
as para-aortic or paracaval nodes are generally rec- 
ommended [3]. If patients have grossly positive and/ 
or fixed nodes, dissection should be limited or not 
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performed per surgeon discretion. These patients 
have a high risk of systemic disease and are unlikely 
to be cured by lymphadenectomy. Indeed, most pa- 
tients with positive lymph nodes develop early me- 
tastasis [3]. However, if lymphadenectomy can be 
performed expeditiously, it can provide valuable stag- 
ing information and may have therapeutic value in 
selected patients [3]. 

Segmental ureterectomy with ureteroureterostomy 
or ureteral reimplantation can be considered for low- 
grade disease that is not amenable to endoscopic treat- 
ment. This procedure can also be performed open or 
via minimally invasive techniques. Wide dissection of 
the area with tumor should be performed. A regional 
lymphadenectomy should be performed. A tension- 
free repair should be completed with ureteral stenting 
and closed-suction drainage of the pelvis. Psoas hitch 
or Boari flap may be required if a tension-free reim- 
plantation cannot be performed. There has been some 
evidence that locally advanced or high-grade lesions 
can be safely treated with segmental ureterectomy 
without compromise of cancer-specific outcomes; this 
may enable preservation of renal function so that ad- 
juvant chemotherapy can be administered [24]. This 
approach, however, is controversial. 

Adjuvant chemotherapy can be considered follow- 
ing extirpative surgery, as distant relapse is the 
primary impediment to survival in high-risk TCC 
patients. Guidelines suggest adjuvant chemotherapy 
for patients with stage pT2 or higher and nodal me- 
tastasis [25]. While adjuvant chemotherapy has been 
shown to improve recurrence-free survival in certain 
series, there is no level 1 evidence and a significant 
impact on overall survival has not been shown [2]. 


Ablative surgery 


Low-grade, noninvasive lesions may be suitable for 
endoscopic tumor ablation. This approach enables 
local tumor control with preservation of the ipsi- 
lateral renal unit, which may reduce the risk of re- 
nal dysfunction [26] and provide renal redundancy 
should there be contralateral metachronous recur- 
rence. Retrospective data suggest that for low-grade 
lesions, there is similar cancer-specific and overall 
survival for ablation versus extirpative treatment, 
with the caveat that there is a high rate of recurrence 
(30-71%) necessitating endoscopic retreatment [27]. 
Disease does typically remain low grade, but there 


is a risk of progression and lifelong surveillance is 
needed [28, 29]. Up to one-third of the patients may 
ultimately require extirpative treatment, though re- 
cent series report rates in the range of 13% [28, 30]. 
While there are no large series of extirpative surgery 
following prior endoscopic management, studies sug- 
gest that delaying nephroureterectomy does not im- 
pact survival [31, 32]. 

Ureteroscopy is the preferred approach for tumor 
ablation because it maintains the integrity of the 
urinary tract, decreasing risk of tumor seeding, and 
has lower morbidity than percutaneous approaches. 
Rigid ureteroscopy can be used for evaluation of the 
mid-distal ureter, while flexible ureteroscopy is re- 
quired for the proximal ureter and collecting system. 
Although flexible scopes have greater maneuverabil- 
ity, smaller channels may limit irrigant flow and the 
size of working instruments. Certain portions of the 
collecting system may be challenging to access even 
with flexible instrumentation, for example, the lower 
pole. Also, retrograde access may be more challenging 
in patients with prior urinary diversion, necessitating 
percutaneous access in certain patients. 

When a lesion is viewed on retrograde endoscopy, 
a saline “barbotage” or washing of that area can be 
obtained and sent for fluid cytology. A forceps or 
basket is then used to obtain tissue from the lesion. 
This can be sent for analysis and treatment deferred 
if there is suspicion for high-grade disease that would 
necessitate extirpative therapy. However, if low-grade 
disease is suspected and the disease burden is low, 
one can proceed with tumor ablation. For removal 
of bulky tissue, a rigid ureteral resectoscope can be 
used, with biopsy forceps employed for gross tumor 
removal. The base of the lesion is then ablated with 
laser or thermal energy. Holmium laser energy is fre- 
quently used for this purpose based on its limited 
tissue penetration (<0.5 mm) and hemostatic effects, 
though Bugbee cautery can be used as well. Ureteral 
stents can be placed at the discretion of the surgeon. 
A low rate of complications has been reported from 
these procedures, including ureteral perforation or 
stricture formation. 

Retrograde instillation of topical chemotherapy 
can be considered (e.g., mitomycin, BCG), though no 
studies have demonstrated a significant difference in 
recurrence or survival with this practice [29]. Treat- 
ment of the upper tract can be performed by plac- 
ing a ureteral stent and then instilling the agent into 
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the bladder via Foley catheter in the supine position. 
This allows for the intravesical therapy to reflux to 
the upper tract. For instance, BCG can be instilled in 
the setting of upper tract CIS akin to treatment ap- 
proaches in the bladder. As with adjuvant treatment 
in the bladder, there are risks of BCG toxicity and 
sepsis that need to be considered and weighed against 
potential benefits. However, while further investiga- 
tion of adjuvant therapy for upper tract disease is 
needed, it is nonetheless a valid treatment option for 
selected patients. 

There have been concerns regarding understaging 
of cancer on endoscopic evaluation, leading to po- 
tential risks of undertreatment and disease progres- 
sion. However, recent studies have shown a high 
accuracy of ureteroscopic diagnosis (up to 94%) as 
well as a high concordance of pathological grading 
(up to 92%) and a high correlation between grade 
and stage [3]. As these patients are at risk for disease 
in the contralateral upper tract, may require chemo- 
therapy in the future, and in general may benefit 
from avoidance of chronic kidney disease, preserva- 
tion of the ipsilateral kidney has been increasingly 
prioritized for low-risk tumors, leading to increasing 
reliance on endoscopic ablative approaches. Given 
the lack of rigorous survival data, however, patients 
should be counseled regarding alternative treatment 
approaches and the need for vigilant surveillance. 
Management decisions should integrate all available 
data, including radiographic appearance, endoscopic 
findings, biopsy/cytology results, and patient prefer- 
ences [14, 33]. 

Percutaneous ablative treatment of upper tract le- 
sions can be considered for bulky, low-grade disease 
when renal preservation is prioritized or for upper 
tract disease when retrograde access is challenging 
or prohibited, for example, by prior urinary diver- 
sion. Percutaneous surgery can enable larger tract 
access to the kidney for higher volume tumors, for 
which larger instruments can be utilized including 
renoscopy/cold cup biopsy, tumor resection with a 
resectoscope, or use of laser energy. A nephrostomy 
tube can be left in place for administration of topi- 
cal adjuvant therapy or for “second look” evalua- 
tions in cases of large volume tumors. Percutaneous 
approaches, however, are associated with increased 
morbidity compared with retrograde techniques, and 
incur a greater potential for tumor seeding, thus are 
not commonly performed. 
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Prognosis 


Stage and grade are the two most important predic- 
tors of survival from upper tract TCC, though stage is 
the single most important determinant [3, 34]. These 
factors are most important for prognosis regardless 
of treatment technique [3]. While the 5-year cancer- 
specific survival for pT 1-2 lesions is ~90%, this rate 
falls to 70% for patients with pT3-4 disease, and to 
34-41% with nodal metastasis [35]. Lymphovascular 
invasion is also a poor prognostic factor [12]. 

After surgical therapy, recurrence of upper tract 
TCC occurs at a median 12-26 months postopera- 
tively [12]. Sites of recurrence include the bladder 
in up to 40% of cases, and the contralateral upper 
tract in up to 6% [2, 12]. Metachronous ipsilateral 
disease generally occurs distal to the primary lesion, 
in 33-55% of cases [3]. Ipsilateral recurrences, as 
well as metachronous bladder tumors, are thought 
to be caused by distal seeding as well as multifocal 
field effects. 

Competing causes of mortality are important in 
this population, accounting for >1/3 of observed 
deaths [34]. Age has been shown to correlate strongly 
with overall survival from upper tract TCC [4, 36] 
and is the strongest predictor of noncancer-related 
death in these patients [34]. Interestingly, advancing 
age has also been shown to confer a worse disease- 
specific survival, even after adjustment for stage, 
grade, and treatment type [37]. 

Biomarkers to predict progression or recurrence 
have been studied for upper tract TCC. Ki-67 has 
been shown to independently predict advanced stage 
and progression of upper tract TCC; alterations/ 
loss of p63 expression have been associated with ad- 
vanced tumor stage and worse prognosis; and p53 
overexpression has been shown to correlate with 
increased mortality. Formal validation of these and 
other markers are needed before they gain a useful 
clinical role. 


Surveillance 


Guidelines for surveillance following treatment of up- 
per tract TCC have been enumerated by both the Na- 
tional Comprehensive Cancer Network (NCCN) and 
the European Association of Urology (NCCN, Rou- 
pret). After treatment, patients should be evaluated 
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every 3 months with history and physical examina- 
tion, urinalysis, voided urine cytology, and office cys- 
toscopy for at least 1 year. The interval for evaluation 
can be increased thereafter, typically every 6 months 
for an additional year, and then annually thereafter. 
Upper tract surveillance should be performed with 
CT or MR urography at 6-12-month intervals. This 
enables assessment of the ipsilateral upper tract (when 
preserved) as well as the contralateral unit. Radio- 
graphic surveillance also allows for detection of oc- 
cult visceral metastasis. Chest imaging in the form of 
plain radiography or CT should be performed on an 
annual basis. After local ablative treatments, repeat 
endoscopy at 3-month intervals should be performed 
for 1 year as well, with increasing intervals thereafter. 
Bloodwork including liver function tests and assess- 
ment of renal function are needed on a routine basis. 
Additional testing like bone scintigraphy depending 
on symptoms may be considered. Lifelong follow-up 
is required for these patients. 


WHAT TO AVOID 


e It is critical to surgically excise the entire ureter and 
a bladder cuff during nephroureterectomy for upper 
tract urothelial cancer. 

Surveillance of the upper urinary tract should be per- 
formed after prior treatment for bladder carcinoma to 
ensure no metachronous upper tract recurrence. 
Patients with suspicious voided urine cytology but a 
negative cystoscopic examination should have random 
biopsies of the bladder and prostatic urothelium, as 
well as selective cytology and retrograde pyelograms 
of the upper tracts to ensure the absence of upper tract 
urothelial cancer. 

Endoscopic treatment of high-grade and/or invasive 
upper tract urothelial cancer is contraindicated and 
should be used only for low-grade superficial disease 
based on cytology and tissue biopsy results. 


KEY WEB LINKS 


National Comprehensive Cancer Network 
http://www.nccn.org/professionals/physician_gls/f_ 
guidelines.asp 


European Urological Association 
http://eu-acme.org/europeanurology/upload_articles/ 
Morgan%20Rouprét,.pdf 


Multiple choice questions 


1 


Risk factors for upper tract urothelial carcinoma 


include all of the following except: 


a Phenacetin abuse 
b Chronic infection 
c Tobacco use 

d Bladder CIS 
e 


Aristolochic acid 


2 Which of the following is a true statement? 


a Pain is frequently associated with the 
presentation of upper tract urothelial cancer. 

b Bladder recurrence after treatment of upper 
tract disease is uncommon. 

c Molecular markers have an important clinical 
role in the diagnosis of upper tract urothelial 
cancer. 

d High-grade upper tract cancer can be safely 
treated with endoscopic ablative techniques. 

e None of the above. 
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KEY POINTS 


e Angiomyolipoma (AML) is a benign lesion of the kidney 
characterized by the proliferation of blood vessels, 
adipose tissue, and smooth muscle. 

e AML represents <10% of all renal tumors. 

e AML is associated with tuberous sclerosis. 

e Most contain fat and diagnosis is confirmed by the 
presence of fat on axial imaging. 

e Treatment is observation if <4 cm and asymptomatic 
or selective embolization and/or extirpative surgery if 
symptomatic (bleeding) or 24 cm. 

e Oncocytoma is a benign lesion of the kidney composed of 
cells with granular, eosinophilic cytoplasm due to a large 
abundance of mitochondria. 
© Oncocytoma represents 3-7% of all renal tumors. 

e Cytogenetic abnormalities include loss of chromosome 
1p and Y, loss of heterozygosity at 14q and 
rearrangements at 11q13. 


e Classic radiographic and gross histologic finding 
includes a central scar. 

e Retroperitoneal fibrosis is a rare disease in which fibrosis 
encases retroperitoneal structures (including the ureter) 
and leads to urinary obstruction. 

e The most common etiology is idiopathic (also 
known as Ormond’s disease); other causes include 
inflammatory disease, medication, malignancy, 
radiation, abdominal aortic aneurysms, and 
subsequent repairs. 

eè Initial management includes relief of the urinary 

obstruction and biopsy of encasing tissue. 

Subsequent treatment options include corticosteroids, 

tamoxifen, and ureterolysis. 


CASE STUDY 1: AML 


A 46-year-old woman with no past medical history comes to 
the emergency room complaining of right upper quadrant pain. 
During workup for cholecystitis, she is noted to have a 3.5 cm 
mass in the right kidney. The mass is heterogeneous and a sec- 
tion demonstrates negative Hounsfield units, indicating the 
presence of fat and an AML. She returns to your office at 6 and 
12 months following the diagnosis and the mass measures 
3.7 cm; she has no symptoms. She returns annually for surveil- 
lance imaging and over the next 5 years, the mass grows to 
4.5 cm in maximum diameter. She remains symptom free. 

A few months later, she is involved in a motor vehicle 
accident and complains of right flank pain, radiating into 
her groin. CT scan in the emergency room demonstrates 


a retroperitoneal hematoma and her hemoglobin trends 
from 12.6 to 10.8 to 8.5 over the next few hours. She 
remains hemodynamically stable but the hematoma is in- 
creasing on imaging. While providing resuscitative fluids 
and close hemodynamic monitoring, interventional radi- 
ology is consulted and the patient is brought to the an- 
giography suite. Under fluoroscopic guidance, a bleeding 
source is identified in the area of the right renal mass. The 
bleeding vessel is selectively embolized and the patient’s 
hemoglobin stabilizes. The following day she develops fe- 
ver (39.2°C); she is treated with Tylenol. Repeat CT scan 
demonstrates stability of the hematoma and infarction of 
the renal mass. She is discharged without further sequelae. 
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CASE STUDY 2: RPF 


A 65-year-old man is transferred to the medical intensive 
care unit from an outside hospital for acute renal failure 
and oliguria. He weighs 245 pounds (BMI 33.2) and has 
a history of cardiac and peripheral vascular disease; he 
underwent aortic aneurysm repair 2 years ago. He takes 
daily aspirin and is on a number of antihypertensive medi- 
cations including hydrochlorothiazide, a B-blocker, and an 
ACE inhibitor. His serum creatinine is 4.2 (baseline 1.3) 
and when a Foley catheter is placed only 30 cc of urine 
is returned despite not voiding in the past several hours. 
His serum electrolytes are within normal limits, his ESR 
is noted to be elevated and an acute renal failure workup 
is initiated. Ultrasound reveals bilateral hydronephrosis 
and subsequent CT scan demonstrates medial deviation 
of both ureters and a dense collection of tissue in the 


retroperitoneum and surrounding both ureters. Due to an- 
esthetic risks, he is taken to the interventional radiology 
suite and bilateral nephroureteral stents are placed without 
issue under local anesthesia and sedation. Percutaneous bi- 
opsy of the retroperitoneal mass reveals collagen deposits 
with nonspecific chronic inflammation. Over the next few 
days, his urine output improves, his creatinine decreases to 
1.5, and he is discharged. 

As an outpatient he is started on a 2-month course of 
corticosteroids. At the end of 2 months, he remains depen- 
dent on nephrostomy tube drainage to maintain his urine 
output. After 1 month, he undergoes laparoscopic ureter- 
olysis with omental interposition without complications. 
After 6 weeks, his nephroureteral stents are removed with- 
out issue. 


Benign renal masses constitute a heterogeneous 
grouping of masses that derive from the renal cor- 
tical tissue or closely associated mesenchymal deri- 
vates. As the incidence of renal masses has increased 
due to the increased use of axial imaging, so has 
the incidence of benign renal masses [1, 2]. In some 
series, specifically those regarding small renal masses 
(<4 cm), benign lesions may constitute upward of 
30% of surgically removed tumors [3]. Benign tumors 
may include cysts, renal cortical adenomas, metane- 
phric adenomas, cystic nephromas, mixed epithelial 
stromal tumors, and a variety of tumors of mesenchy- 
mal origin including leiomyomas, fibromas, lipomas, 
and hemangiomas. This chapter will focus on the 
benign entities of angiomyolipoma (AML), oncocy- 
toma, and retroperitoneal fibrosis (RPF). 


General considerations in the diagnosis 
and evaluation of benign renal masses 


While certain demographic information, radiographic 
appearance, and percutaneous biopsy may provide 
information as to the histology of a renal mass, defini- 
tive diagnosis of benign or malignant disease is usually 
established only upon extirpative treatment of the 
mass. Clinical features indicative of benign etiology 
include smaller size, female sex, and older age [3-5], 
with younger women being nearly twice as likely as age- 
matched men to have benign masses [6, 7]. The only 
definitive radiographic indicators of benign etiology 
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include the presence of fat in AML and thin-walled, 
water-density simple cysts. While biopsy may provide 
information regarding histology, upward of 20% of 
biopsies are nondiagnostic and the presence of onco- 
cytic cells may coexist with renal cell carcinoma (RCC) 
[8]. Therefore, most renal cortical tumors should be 
assumed to be malignant and undergo appropriate 
evaluation and management (discussed in Chapter 25). 


Angiomyolipoma 
Epidemiology and etiology 


AML is a benign, neoplastic lesion of the kidney 
characterized by the proliferation of thick-walled 
blood vessels, adipose tissue, and smooth muscle [9]. 
AML is present in <0.3% of the general population 
and represents <10% of renal tumors [10]. AML is 
predominantly found in females, strongly expresses 
estrogen and androgen receptors and is rare before 
puberty—indicating a likely hormonal influence 
[11]. The majority of AML are sporadic; however, 
20-30% occur in patients with tuberous sclerosis 
(TS) and 50-80% of patients with TS develop AML 
[10, 12]. TS is an autosomal dominant disease char- 
acterized by the triad of mental retardation, epilepsy, 
and adenoma sebaceum. TS patients with AML tend 
to present earlier in life (mean age 30 years), have less 
predominance of the female sex, are often multifocal, 
bilateral, and symptomatic; and more likely to 
develop RCC later in life [10]. 


CHAPTER 24 ANGIOMYOLIPOMA, ONCOCYTOMA, AND RETROPERITONEAL FIBROSIS 


Diagnosis 


The typical sporadic presentation is a solitary, inci- 
dental lesion in a middle-aged woman. AML is the 
most common renal lesion to be associated with 
spontaneous bleeding and can present with a retro- 
peritoneal hematoma, associated flank pain, hematu- 
ria, palpable mass, and hypovolemic shock in these 
patients [13]. This clinical constellation is known as 
the Wunderlich syndrome and is present in 10% of 
historical series [14]. The risk of spontaneous bleed- 
ing is related to size with 82% and 51% of patients 
with AML > 4 cm presenting with symptoms and 
spontaneous bleeding, respectively [14]. 

AML can be confidently diagnosed on cross- 
sectional imaging by the presence of fat within the 
lesion. CT is the most useful modality, with -20 HU 
or less indicative of fat [15]. However, upward of 
14% of AML may be “fat-poor,” lacking appreci- 
able amounts of adipose [16, 17]. Ultrasound may 
demonstrate a highly echogenic lesion with shadow- 
ing; angiography demonstrates aneurysmal dilation 
in 50% of AML; and MRI (with fat-suppression) can 
be useful in distinguishing AML [16]. Other entities 
that may mimic AML on imaging include liposarcoma 
and clear-cell RCC. Liposarcoma tends to extrinsically 
compress renal parenchyma; and RCC containing fat, 
while extremely rare, usually contains calcifications in 
addition to fat while an AML will never have calcifica- 
tions [16, 18, 19]. 


Histology and pathology 


AML appear grossly as a yellowish, gray tumor lack- 
ing a capsule. AML may have cellular atypia and 
hemorrhage, making the distinction from sarcoma 
(i.e., fibrosarcoma, leiomyosarcoma, and liposar- 
coma) difficult in some cases where relative amounts 
of adipose, vascular, and smooth muscle are present. 
A couple of histologic entities are available to dis- 
tinguish AML from other entities: (1) necrosis is 
never present in AML and (2) staining with HMB-45, 
a monoclonal antibody against melanoma-associated 
protein, is characteristic of AML [10, 19]. 


Management 


Smaller (<4 cm), asymptomatic tumors can be 
safely monitored with repeat serial imaging every 


6-12 months [20]. For patients with large or symp- 
tomatic tumors, nephron-sparing treatments are 
preferred. Selective embolization is the preferred 
first-line treatment, demonstrating long-term success 
despite a substantial proportion of patients requiring 
repeat embolization [21, 22]. In patients with acute 
or life-threatening bleeding, selective embolization 
is preferred as surgery often results in nephrectomy. 
Partial nephrectomy (PN) or thermal ablation can be 
used to treat stable AML in patients requiring inter- 
vention. The preservation of renal parenchyma and 
function are of paramount importance in patients 
with this benign diagnosis, especially in patients 
with TS (high risk of recurrence) or existing renal 
insufficiency. 


Oncocytoma 
Epidemiology and etiology 


Renal oncocytoma is one of the most common of 
benign renal masses, accounting for 3-7% of kidney 
tumors [23]. While oncocytoma may appear as an 
enhancing, malignant mass on axial imaging, it is a 
clinically distinct entity from RCC with unique cell 
of origin and cytogenetic abnormalities [24, 25]. Rare 
case reports of metastatic oncocytoma may represent 
malignant degeneration, coexistence of RCC, or pseu- 
dometastases [26]. 

Oncocytomas are more common in older 
patients with small, incidentally discovered renal 
masses [6, 27]. Generally, they are more common in 
men than women (2:1 ratio), present in the fourth to 
sixth decade of life and can present bilaterally, mul- 
tifocally, or metachronously in 6-13% of cases [12]. 
Oncocytomatosis refers to the clinical entity of mul- 
tifocal oncocytoma and may be associated with the 
Birt-Hogg—Dubé syndrome [28]. 


Diagnosis 


In general, it is exceedingly difficult to distinguish 
oncocytoma from RCC based on clinical or radio- 
graphic testing. However, a number of characteristic 
radiographic findings are common in oncocytoma. 
On CT, oncocytoma may demonstrate a central stel- 
late scar; on angiography, a spoke wheel pattern of 
feeding arteries may be present; and on MRI, a well- 
defined capsule, central stellate scar, and a distinctive 
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pattern on T1 and T2 images may indicate oncocy- 
toma [8, 29]. Renal biopsy has a limited role in the 
diagnosis of oncocytoma, particularly because it can 
be difficult to distinguish from granular clear-cell or 
chromophobe RCC and may co-exist with RCC in 
7-32% of cases [8]. 


Histology and pathology 


Oncocytomas appear grossly as tan, homogenous 
tumors with a well-formed pseudocapsule and typi- 
cally have a central stellate scar. Microscopically, 
cells are derived from distal tubules, are rounded, 
and are highly eosinophilic due to an abundance 
of mitochondria. Cells are typically arranged in a 
nested pattern and can demonstrate perinephric 
extension, pleomorphism, prominent nucleoli, and 
atypia, making the distinction between RCC difficult 
[30, 31]. Chromosomal analysis may be helpful in 
distinguishing oncocytoma and RCC: chromosomal 
abnormalities associated with RCC are not present 
in oncocytoma, and oncocytoma will commonly pre- 
sent with loss of chromosome 1p, loss of Y or 14q, 
and rearrangements of 11q13 [24, 25]. Hale’s colloi- 
dal iron stain has traditionally been used to identify 
oncocytoma, however, can have nonspecific stain- 
ing patterns leading to difficult interpretation [32]. 
More recently, cytokeratin profiles (i.e., vimentin, 
glutathione-S-transferase œ, and epithelial cell adhe- 
sion molecule) have been used to distinguish oncocy- 
toma from RCC [33]. 


Management 


Most often oncocytomas are clinically assumed to 
be RCC and have the same management strategies 
available including active surveillance (AS), radical 
nephrectomy (for large tumors of uncertain etiol- 
ogy), and nephron-sparing surgeries (NSS) includ- 
ing PN and thermal ablation. Oncocytomas under 
AS have demonstrated rapid growth and therefore 
this parameter does not have the best performance 
in predicting oncocytoma or outcome after interven- 
tion [34, 35]. When the diagnosis of oncocytoma is 
known or highly suspected, NSS should be employed 
due to the benign nature of these lesions. PN is pre- 
ferred to thermal ablation as a definitive diagnosis can 
be made from the analysis of the tumor rather than 
biopsy specimens. 
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Retroperitoneal fibrosis 


Retroperitoneal fibrosis (RPF) is a benign condition 
in which the proliferation of fibrotic and inflamma- 
tory tissue obstructs retroperitoneal structures includ- 
ing one or both ureters. While RPF is not a renal 
parenchymal mass lesion, like AML or oncocytoma, 
it represents a benign proliferation of tissue that may 
require evaluation and management by urology. 


Epidemiology and etiology 


In large, cross-sectional studies, RPF is rela- 
tively rare, presenting in 0.1 to 1 per 100,000 to 
200,000 people [36, 37]. It is more common in men 
than women (2-3:1) and typically presents in the 
sixth to seventh decade, although has been found in 
pediatric and elderly populations [38, 39]. While an 
inheritance pattern has not been documented, RPF is 
linked to a number of autoimmune disorders and the 
HLA-DRB1*03 allele [40]. 

The etiology of RPF is not well understood and 
a number of hypotheses exist. Possible etiologies 
include a vasculitis of the small vessels associated 
with the aorta [41], immunologic dysregulation mani- 
fested by antibody production against fibroblasts or a 
B-cell disorder [42, 43], or reactive inflammation in 
response to environmental toxins. As such, a number 
of medications, chemicals, radiation treatment, local, 
and systemic diseases are associated with the develop- 
ment of RPF (Table 24.1) [42, 44]. However, a spe- 
cific etiology is identified in only 30% of RPF cases 
[45]. Malignancy is associated with 8-10% of RPF 
cases and should always be considered during initial 
workup [46]. 


Diagnosis 


RPF is an insidious disease; patients are often asymp- 
tomatic or present in an advanced stage when symp- 
toms of ureteral or vascular obstruction occur [46]. 
Nonspecific signs and symptoms may be related to 
the underlying etiology; back, abdominal, or flank 
pain; constitutional symptoms (weight loss, anorexia, 
and malaise); low-grade fever; hypertension; or lower 
extremity edema. Acute phase reactants (erythrocyte 
sedimentation rate and c-reactive protein) may be ele- 
vated in 80-100% of patients and serum creatinine, 
hypergammaglobulinemia, anemia, and autoimmune 
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‘Table 24.1 Conditions associated with retroperitoneal fibrosis. 


Autoimmune disorders 


Medications (cont.) 


Amyloidosis Hydralazine 

Ankylosing spondylitis Lysergic acid diethylamide (LSD) 
Glomerulonephritis Methyldopa 

Pancreatitis Methysergide 

Primary biliary cirrhosis Pergolide 

Psoriasis Phenacetin 

Rheumatoid arthritis Reserpine 


Sclerosing cholangitis 


Retroperitoneal disease, trauma, or surgery 


Thyroid disease 


Aortic or iliac artery aneurysm; repair thereof 


Uveitis 


Ascending lymphangitis 


Vasculitis, small- or medium-sized vessels 


Collagen vascular disease 


Chemicals Endometriosis 

Avitene Hemorrhage 

Asbestosis Henoch-Schonlein purpura with hemorrhage 
Methyl methacrylate Inflammatory response to advanced atherosclerosis 


Talcum powder 


Ruptured viscera 


Infections 


Retroperitoneal Malignancy 


Chronic urinary tract infection 


Lymphoma 


Gonorrhea Renal cell carcinoma 

Syphilis Testicular 

Tuberculosis Urothelial carcinoma 

Medications Metastases 

Amphetamines Any radiation or chemotherapy thereof 
B-Blockers Systemic disease 

Bromocriptine Inflammatory bowel disease 


Ergotamine alkaloids 


Sarcoidosis 


Haloperidol 


Erdheim—Chester disease 


factors (antinuclear antibody, rheumatoid factor, etc.) 
may be abnormal but, in general, are not specific for 
RPF [42, 47]. 

Typical findings on imaging include hydronephro- 
sis, medial deviation of the ureter(s), and a smooth, 
well-demarcated retroperitoneal mass that surrounds 
the aorta, inferior vena cava (IVC), iliac vessels, and 
ureters. CT and MRI are excellent modalities for 
establishing a diagnosis although ultrasound and 
intravenous pyelography can be used as adjuncts 
[46, 48, 49]. 


Histology and pathology 


RPF appears as a fibrous, white plaque that encases 
the major retroperitoneal vessels and structures. Most 
commonly it involves the aorta, IVC, major branches 
of both vessels, and the ureters. The plaque usually 
extends cranially from the renal hilum to the pelvic 
brim caudally, although has been demonstrated to 
extend into the pelvis or the mediastinum. Histo- 
logically the plaque is composed of fibrotic cellular 
material (myofibroblasts and type-1 collagen) and a 
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chronic inflammatory infiltrate (lymphocytes, mac- 
rophages, plasma cells, and eosinophils) [43]. 


Management 


Biopsy is required for the diagnosis of RPF and to 
exclude malignancy. Core biopsy is preferred to fine- 
needle aspiration; open or laparoscopic biopsy can be 
performed during ureterolysis if indicated. If histo- 
logic findings are consistent with RPE, all potentially 
inciting agents or exposures should be discontinued 
(Table 24.1). However, if obstructive uropathy is pre- 
sent, primary therapy should be directed at relieving 
the obstruction and maintaining renal function before 
initiating a biopsy for diagnosis or medical treatment. 
Retrograde ureteral stents are often easily passed in 
patients with RPF; however, percutaneous nephros- 
tomy tubes can be placed if stenting is not possible or 
unsuccessful. 

Once the urinary obstruction is relieved and a tissue 
diagnosis is obtained, medical therapy is the preferred 
initial treatment. Primary treatment is directed at 
assumed autoimmune and inflammatory etiologies of 
RPF, initially with a prolonged course of corticoster- 
oids. Using prednisolone or prednisone, a number of 
dosing regimens are demonstrated to be initially effec- 
tive in 67-89% of patients with follow-up extending 
from 15 to 55 months [50-52]. Azathioprine, col- 
chicines, cyclophosphamide, mycophenolate mofetil, 
and tamoxifen have been used to treat patients with 
severe RPF or RPF refractory to steroids [51, 53-56]. 
Importantly, no randomized, prospective studies exist 
addressing the utility of varying medical treatments 
or the initial use of medical versus surgical treatment 
for RPE. 

In patients refractory or unable to undergo medi- 
cal treatment, ureterolysis can be performed to relieve 
ureteral obstruction. Ureterolysis can be performed 
via an open, laparoscopic or robot-assisted lapa- 
roscopic approach [57, 58]. Principles of ureteroly- 
sis include biopsy of the fibrotic lesion, initiation of 
dissection in an area free of disease, avoidance of 
devascularization of the ureter, lateralization of the 
ureter, stenting for 6-8 weeks, and enclosure within 
peritoneum or omentum to preserve ureteral vascular- 
ity and prevent recurrence [59]. In addition, bilateral 
ureterolysis should be performed in all cases (even if 
only a unilateral process is evident during evaluation) 
as the disease can progress to involve both sides and 
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reoperative surgery can be technically challenging. 
Successful treatment has been reported in 66-100% 
of surgical series with variable follow-up extending 
over many years [57, 60, 61]. Therefore, long-term 
follow-up is required with serial axial imaging and 
renal functional studies for an indefinite period of 
time. 


KEY WEB LINKS 


Tuberous Sclerosis 
www.tuberous-sclerosis.com 


Retroperitoneal Fibrosis 
http://www.ncbi.nim.nih.gov/pubmedhealth/ 
PMH0001497/ 


WHAT TO AVOID 


e The presence of a small amount of fat on axial imag- 
ing is indicative of AML; however, 14% of AML do 
not contain fat. Additionally, AML never has calcifica- 
tions; a fat-containing mass with calcification is usu- 
ally indicative of RCC with fat. 

e Oncocytoma shares many characteristics with chro- 
mophobe renal cell carcinoma (chRCC), distinguish- 
ing characteristics include 
e Cytoplasm of oncocytoma is eosinophilic in com- 

parison to the granular and pale cytoplasm of 
chRCC. 
e Electron microscopy reveals mitochondria in onco- 
cytoma and microvesicles in chRCC. 

Hale’s colloidal iron stain insinuates the cellular rim 

of oncocytic cells and the cytoplasm of chRCC. 

e Renal biopsy has limited value in distinguishing onco- 
cytoma and RCC as 7-32% of oncocytoma may occur 
with RCC and RCC may contain nests of oncocytic 
cells. 

e In 15% of RPF cases, fibrosis may extend beyond 
the retroperitoneum. Fibrosis typically surrounds the 
aorta first and extends circumferentially outward. The 
ureters are usually the first organ to be functionally 
compromised. 


Multiple choice questions 


1 A 47-year-old woman presents to an emergency 
room with acute right flank pain, nausea, and vomit- 
ing. Laboratory values reveal hemoglobin of 6.5 g/dL 
and creatinine 1.2 mg/dL (baseline 1.0). CT scan is 
performed and demonstrates a heterogeneous, 8 cm 
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right renal mass with an associated perinephric hema- 
toma. There are low-density areas (Hounsfield units 
of —30) within the mass. After transfusion, the next 
step is: 

Observation 

Discharge 

PN 

Angiographic embolization 

Radical nephrectomy 


manao 


2 Effective management strategies for RPF include all 
of the following except: 

Ureteral stenting 

Antibiotics 

Ureterolysis 

Steroids (prednisone, prednisolone) 
Immunomodulatory drugs (cyclophosphamide, 
mycophenolate mofetil, or tamoxifen) 


maa ora 
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Answers to multiple choice questions 


1 d A large, bleeding renal mass may be a renal cell 
carcinoma (RCC). However, negative Hounsfield 
units on CT is indicative of angiomyolipoma (AML). 


For patients with large or symptomatic tumors, 
nephron-sparing treatments are preferred. Selective 
embolization is the preferred first-line treatment. In 
patients with acute or life-threatening bleeding, selec- 
tive embolization is preferred as surgery often results 
in nephrectomy. Partial nephrectomy (PN) or thermal 
ablation can be used to treat stable AML in patients 
requiring intervention. 

2 b Antibiotics. Retroperitoneal fibrosis (RPF) has 
not been demonstrated to have an infectious etiology 
and antibiotics are not effective in altering the pro- 
gress of this progressive disorder. 
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KEY POINTS 


e Renal masses can be benign, malignant, or inflammatory; 
renal cell carcinoma (RCC) is the most common renal 
tumor (80-85% of all renal tumors). 

The incidence of RCC has increased by 3-4% per year 
since 1970s due to the increased use of axial imaging; 
approximately 58,000 and 13,000 are diagnosed and die 
of RCC annually, respectively. 

RCC is more common in the aged (older than 50 years), 
men, African Americans, smokers, the obese, and those with 
familial syndromes; less common in those who consume 
moderate levels of alcohol, fresh fruits, vegetables, and fatty 
fish; and is not related to NSAID use or occupational factors. 
RCC is a disease of altered cellular metabolism; 
established gene mutations of RCC (Von Hippel-Lindau 
[VHL], c-MET, etc.) affect pathways of metabolic stress or 
nutrient stimulation including those of oxygen, iron, and 
energy metabolism. 

Initial evaluation should include physical examination, 
laboratory studies including complete blood count, basic 
metabolic panel and liver function tests; axial imaging of 
the abdomen with contrast to accurately stage the tumor 
and chest X-ray to evaluate the lungs. 


Prognosis is based on tumor characteristics (pathologic 
stage, size, nuclear grade, histologic subtype), and patient 
characteristics (performance status). 

e Staging is based on the TNM system (AJCC, 2009). 

e Histologic subtypes include 

a Clear cell (70-80%)—clear cells due to abundant 
glycogen and lipid content, vascular tumors, 75% have 
VHL mutation. 

b Papillary (10-15%)—hypovascular with attenuated 
enhancement pattern on CT, more common in patients 
with chronic renal failure. 

c Chromophobe (4-5%). 

d Collecting duct—trare, presents at advanced stage (40% 
metastatic), poor prognosis (5% survival at 5 years). 

e Medullary—rare, associated with sickle cell trait, 
presents at an advanced stage, poor prognosis. 

Adverse tumor characteristics include sarcomatoid 

differentiation and necrosis. 

Treatment options for clinically localized RCC include 

radical nephrectomy, partial nephrectomy, energy 

ablation (cryoablation and radiofrequency ablation), and 
active surveillance. 


CASE STUDY: SMALL RENAL MASS 


A 75-year-old man with hypertension, hyperlipidemia, and 
a smoking history suffers a myocardial infarction (MI) and 
undergoes urgent coronary artery stenting. During his pre- 
operative workup, a CT scan demonstrates a 2.5 cm enhanc- 
ing mass in the upper pole of his left kidney. After 4 months, 
recovering from his MI and coronary artery stent, he meets 
with a urologist. Repeat CT of the image demonstrates no 
significant changes in the size or quality of the mass and re- 
nal function demonstrates a glomerular filtration rate (GFR) 


of 49 mL/min/1.73 m? (creatinine 1.4 ng/mL). Due to his 
significant comorbidities, he elects to undergo a period of 
active surveillance (AS). Over the following year, the mass 
is imaged by ultrasound twice more and demonstrates a size 
increase to 3.1 cm (growth rate 0.6 cm/yr). He elects per- 
cutaneous renal biopsy (PRB) and histology demonstrates 
a low-grade, clear-cell type RCC. Percutaneous renal cry- 
oablation is performed. At 1 year following ablation, the 
patient is disease free and his GFR remains stable. 
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CASE STUDY: METASTATIC RCC 


A 64-year-old man presents to his internist with new onset 
hematuria. On review of systems, he complains of cough 
and an unplanned 10-pound weight loss over the past few 
months. He is otherwise healthy, is not taking any medi- 
cations, and is not limited in any daily activities, playing 
golf several times per week. CT scan reveals a 13 cm mass 
in the right kidney and two small pulmonary nodules in 
the left lung (largest 1.8 cm). Biopsy of the lung nodules 
reveals metastatic RCC. He elects cytoreductive nephrec- 
tomy and simultaneous resection of both lung nodules. 


Pathology reveals a 12.9 cm clear-cell RCC, grade 3 with 
perinephric extension (pT3a) but no adrenal, renal vein, or 
lymph node involvement. He is started on interferon-alpha 
treatment. After 1 year, he is noted to have new pulmonary 
nodules on surveillance CT scan. He is started on suni- 
tinib and over the 6 months his pulmonary nodules remain 
stable on CT. After 8 months on initiating sunitinib treat- 
ment, new pulmonary nodules, bone, and brain lesions 
are noted on CT scan. Within a few weeks, he develops 
intractable pain, elects hospice care, and dies shortly after. 


According to the American Cancer Society, over 
58,000 cases of renal cancer were diagnosed 
in 2010 [1]. The majority of cancers (92%) are 
renal parenchymal tumors; the remainder includes 
renal pelvic (urothelial) and Wilms’ tumors. This 
chapter will discuss malignant renal parenchymal 
tumors, focusing specifically on renal cell carci- 
noma (RCC). 


Epidemiology 


The incidence of RCC has surged over the past few 
decades, from 28,000 in 1997 to 58,000 in 2010, 
and is believed to be due to the increased use of 
axial imaging [1]. This increasing incidence has been 
accompanied by a dramatic stage migration—small 
renal masses (SRMs, <4 cm in greatest dimension) 
account for the largest proportion of the incident 
rise in RCC and nearly 40% of all renal tumors diag- 
nosed [2, 3]. During the same time period, the num- 
ber of deaths from kidney cancer has remained sta- 
ble (11,000-13,000 from 1997 to 2010), decreasing 
only modestly in the past few years [1]. Therefore, 
RCC is considered one of the most lethal urological 
malignancies with a 65% disease-specific survival at 
5 years [4]. 

RCC is a disease of older adults, most patients 
are diagnosed after 50 years of age and many new 
diagnoses occur in elderly patients [4]. RCC is more 
common in men than women (ratio 3:2) and has 
a 10-20% higher incidence in African Americans 
than Caucasians [4, 5]. Most cases are sporadic 
with familial or inherited forms of RCC in 2-3% of 
patients [4]. 


Risk factors 


The most common risk factors for developing RCC 
are obesity and tobacco use, representing 40% and 
20% of cases, respectively [4-7]. Hypertension and 
acquired renal cystic disease are also implicated as 
risk factors for RCC [4, 5, 8]. Moderate alcohol use 
[9], fruit and vegetable [10], and fatty fish intake 
[11] reduce the risk of RCC. Nonsteroidal anti- 
inflammatory medications or occupational exposures 
are not related to the development of RCC [4, 12]. 
While the minority of cases are familial, a num- 
ber of inherited syndromes are associated with RCC. 
All familial syndromes associated with RCC are rare 
and demonstrate an autosomal dominant inheritance 
pattern. Von Hippel—Lindau (VHL) disease is caused 
by a defect in the VHL gene (chromosome 3p25-26) 
and causes clear-cell RCC, hemangioblastomas of the 
central nervous system, retinal angiomas, and pheo- 
chromocytoma. Hereditary papillary RCC (HPRCC) 
is caused by a mutation in the c-MET proto-oncogene 
(7q31) and leads to type 1 papillary RCC tumors. 
Hereditary leiomyomatosis and RCC (HLRCC) is 
caused by a defect in fumarate hydratase (1q42) and 
leads to aggressive, type 2 papillary RCC tumors; 
cutaneous and uterine leiomyomas. Birt-Hogg—Dubé 
(BHD), through a defect in the BHD1 gene, leads to 
a defect in the protein, folliculin, and bilateral and 
multifocal chromophobe RCC, oncocytomas, and 
hybrid tumors of both histologies. The remainder of 
the BHD manifestations includes cutaneous fibrofol- 
liculomas, lung cysts, and spontaneous pneumotho- 
rax. While these genetic syndromes are rare, the study 
of these patients and tumors provide insight into 
the molecular genetics of RCC and indicate that the 
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development of malignancy within the kidney results 
from the dysregulation of a number of cellular meta- 
bolic pathways [13]. 


Diagnosis and evaluation 


RCC can present with a wide range of symptoms 
and signs. However, >60% of patients now present 
incidentally and the classic triad of hematuria, 
flank pain, and abdominal mass occurs in <10% 
of patients [14, 15]. RCC-specific symptoms may 
result from local tumor invasion (hematuria, flank 
pain, and perirenal hematoma), distant metastases 
(cough, bone pain, and constitutional symptoms), 
or inferior vena cava (IVC) invasion (right-sided 
varicocele or lower extremity edema). A number 
of systemic syndromes are associated with RCC 
including elevated erythrocyte sedimentation rate 
(55.6%), hypertension (37.5%), anemia (36.3%), 
and cachexia (34.5%). Less common manifestations 
include pyrexia, abnormal liver function tests, hyper- 
calcemia, polycythemia, neuromyopathy, and amyloi- 
dosis. In total, paraneoplastic syndromes have been 
identified in upward of 20% of patients with RCC 
[16]. Stauffer syndrome is an RCC-specific paraneo- 
plastic syndrome, occurring in 3-20% of patients, 
and characterized by hepatic dysfunction (elevated 
alkaline phosphatase, prothrombin time, bilirubin, 
and transaminase levels; and hypoalbuminemia) and 
constitutional symptoms. Stauffer syndrome manifes- 
tations are reversed with radical nephrectomy (RN) 
and removal of the primary tumor [17]. 

Proper imaging is essential to the evaluation, char- 
acterization, and staging of RCC. Ultrasound, com- 
puted tomography (CT) and magnetic resonance 
imaging (MRI) can be used to evaluate renal masses; 
each has strengths and weaknesses for evaluating 
renal tumors. Ultrasound is cheap, relatively fast, does 
not expose that patient to radiation, and is excellent 
for the evaluation and surveillance of simple renal 
cysts. The Bosniak classification system describes 
the malignant potential of renal cysts and guides the 
management of these lesions (Table 25.1) [18, 19]. 
Renal masses, other than simple cysts, should be 
evaluated by CT, ideally with intravenous contrast in 
multiple phases. While CT utilizes ionizing radiation, 
it is fast and offers excellent characterization of the 
renal mass, accurately determines the stage by visu- 
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Table 25.1 Bosniak classification system of renal 
cysts [18, 19] 


Risk of 


Bosniak Radiography Malignancy Management 


Only if 
symptomatic 


I Water density None 
Homogenous 
No septa, 

calcifications 

No enhancement 

I Thin septa 0-5% Surveillance 

Thin calcification 

No enhancement 


Hyperdense 
0-10% 


IIF Septa may Surveillance 


(1993) have nodular 
thickening, 
calcifications 

No enhancement 


Can be intrarenal 


Il Thick septa 50% 
Thick calcification 
Heterogeneity 


Excision 


No enhancement 


IV Thick walls 
Heterogeneity 


75-90% Excision 


Enhancement 


alizing the remainder of the abdomen (including the 
adrenals, liver, and IVC) and provides information 
regarding morphology and function of the kidneys. 
MRI avoids exposure to radiation, can characterize 
a renal mass as solid or cystic, demonstrates many 
of the anatomic relationships and is particularly use- 
ful for determining soft tissue boundaries in locally 
invasive disease, potential venous involvement, and 
in patients who cannot receive intravenous CT con- 
trast material. Nephrogenic systemic fibrosis (NSF) is 
a rare complication associated specifically with gado- 
linium contrast used for MRI. NSF, although rare, 
leads to significant disability and mortality through 
progressive fibrosis of the skin and other organs in 
patients with preexisting renal disease [20]. 

In general, no imaging modality can accurately 
identify benign from malignant lesions or subtypes of 
RCC. However, using CT scan, tumors that enhance 
by >15 Hounsfield units (HU) should be considered 
RCC until proven otherwise. Tumors demonstrating 


negative HU indicate fat and are indicative of angio- 
myolipoma (AML). In addition, papillary RCC may 
demonstrate a distinct, unique pattern of hypoen- 
hancement in contrast to clear-cell RCC which 
rapidly enhances and washes out during multiphasic 
CT imaging [21, 22]. Adenopathy 22 cm indicates an 
increased likelihood of metastatic diseases. MRI or 
CT may be used to accurately stage renal vein or IVC 
invasion [23-25]. 

Routine metastatic evaluation should include the 
assessment of performance status, chest radiography, 
basic metabolic panel (BMP), and liver function tests. 
Performance status reflects overall patient health, 
life expectancy, and may guide management. A BMP 
evaluates renal function while chest radiography and 
liver function tests evaluate visceral metastases. Chest 
CT should be reserved only for patients with pul- 
monary symptoms or an abnormal chest X-ray [26]. 
Bone scan is indicated only in patients with an ele- 
vated alkaline phosphatase, bone pain, or precipitous 
decline in performance status [27]. Similarly, head 
imaging is not routinely recommended as patients 
with brain metastases typically present with symp- 
toms related to a brain lesion. 

Percutaneous renal biopsy (PRB) is indicated in 
patients in whom suspicion of renal abscess is high, 
when the renal lesion may represent a metastasis from 
another primary malignancy or lymphoma. PRB may 
be useful in patients who may be managed by either 
active surveillance (AS) or primary intervention. In 
general, PRB should be avoided in young, healthy 
patients who are good surgical candidates given the 
small, but real risk of complications (bleeding, pneu- 
mothorax), a nondiagnostic rate of approximately 
20% and poor reliability in determining tumor grade 
[28-30]. 


Histology and tumor grade 


All RCC are by definition, adenocarcinoma, derived 
from renal epithelial tubular cells. The World Health 
Organization (WHO), in 2004, classified RCC 
according to distinct subtypes, each with a distinct 
genetic basis and clinical features [31]. Clear-cell 
RCC, previously known as “conventional” RCC, is 
the most common histologic subtype (70-80%). On 
gross examination, they are yellow, vascular tumors. 
In total, 70% have VHL gene mutations associated 
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with loss of chromosome 3p. Papillary RCC is the 
second most common subtype (10-15%); are often 
hypovascular (accounting for characteristic hypoen- 
hancement on CT), commonly found in patients with 
end-stage renal disease and acquired renal cystic 
disease, and are multicentric in <40% of cases. Type 
1 papillary RCC is more common and in general, has 
a better prognosis than clear cell RCC. Type 2 papil- 
lary RCC, while rare and associated with HLRCC, is 
often aggressive tumors that present in an advanced 
stage. Chromophobe RCC (3-5%) derives from the 
collecting duct and (in the absence of sarcomatoid 
features or metastases) carries a good prognosis in 
comparison to clear-cell RCC. Collecting duct car- 
cinoma (<1%), or carcinoma of the collecting ducts 
of Bellini, often presents in patients younger than 
50 years old and are high-grade, advanced stage 
tumors that carry a poor prognosis regardless of 
treatment. Renal medullary carcinoma is also a rare 
subtype of RCC, almost exclusively associated with 
sickle-cell trait, occurs in young, African American 
patients, presents in an advanced stage, and carries 
a poor prognosis. 

Tumor grading is based on the Fuhrman classifica- 
tion system and is based on nuclear size, shape, and 
the presence of nucleoli (Table 25.2). Fuhrman 1-2 
tumors are well differentiated and considered low 
grade; Fuhrman 3-4 tumors are poorly differenti- 
ated and considered high grade. Any histologic sub- 
type of RCC can have sarcomatoid differentiation. 
By definition, sarcomatoid differentiation indicates a 
high-grade tumor, equivalent to a Fuhrman grade 4, 
is diagnosed by the presence of spindle-cell histology, 
and is associated with an infiltrative growth pattern, 
aggressive local and metastatic behavior, and a poor 
prognosis in general [32, 33]. 


Table 25.2 Fuhrman grading system for renal cell 
carcinoma [54, 55] 


Grade Size (um) Contour Nucleoli 
I 10 Round, smooth, uniform No 
Il 15 Minor irregularity No 
M 20 Major irregularity Yes 
IV 220 Multi-lobulated, pleomorphic, Yes 


or spindle-shaped 
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Staging and prognosis 


Staging is based on the TNM system and was updated 
by the American Joint Committee on Cancer (AJCC) 
in 2009 (Table 25.3). Tumor size (T-stage) is one of 
the most important determinants of outcome for 
patients with RCC. Increasing tumor size indicates 
a higher likelihood of clear-cell histology, high-grade 
tumor, and metastatic disease [34-37]. Within the 
T-stage, Tla (<4 cm) tumors carry an excellent prog- 
nosis following treatment and very rarely demonstrate 


Table 25.3 AJCC TNM staging for renal cell carcinoma [56] 


metastases. Important distinctions have also been 
made at the 7 and 10 cm cut points, both for onco- 
logic prognosis and management decisions as smaller 
tumors are often more amenable to nephron-sparing 
treatments [38]. 

While stage is the strongest predictor of outcome, 
a number of important factors contribute to progno- 
sis. As discussed, histologic subtype carries prognos- 
tic information with clear-cell RCC being associated 
with a worse prognosis when compared to papillary 
or chromophobe RCC; [32, 39] and the rare collecting 


T: Primary tumor 


5-yr survival (%) 


Tx: Primary tumor cannot be assessed 


TO: No evidence of primary tumor 


T1: Tumor < 7.0 cm in greatest diameter, Tla: <4.0 cm 90-100 
confined to kidney T1b: 4-7.0 cm 80-90 
T2: Tumor > 7.0 cm in greatest diameter, T2a: >7.0-10.0 cm 65-80 
confined to kidney (Gerota’s fascia) T2b: >10.0 cm 50-70 
T3: Tumor extends into major veins T3a: Tumor invades perinephric structures (not Gerota’s 50—70 
or perinephric tissues but not into the fascia) or grossly extends into a renal vein or segmental 
ipsilateral adrenal or beyond Gerota’s fascia (muscle containing) branches 
T3b: Tumor extends into IVC below diaphragm 30-50 
T3c: Tumor extends into IVC above diaphragm invades 20-40 
the wall of the IVC 
T4: Tumor invades beyond Gerota’s fascia 0-30 
N: Regional lymph nodes 
NX: Regional nodes cannot be assessed 
NO: No regional node metastasis 
N1: Metastasis in regional lymph nodes 0-20 
M: Distant metastasis 
Mx: Distant metastasis cannot be assessed 
MO: No distant metastasis 
M1: Distant metastasis 0-10 
Stage 
I TINOMO 70-90 
H T2NOMO 50-80 
MI T1 or T2, N1MO 20-70 
T3, NO or N1, MO 
IV T4, Any N, MO 0-30 


Any T, Any N, M1 
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duct subtypes having the worse prognosis. Fuhrman 
grade is an independent predictor of cancer-specific 
survival (CSS) and includes consideration of tumors 
with sarcomatoid features [33, 40, 41]. Tumor necro- 
sis is associated with large, high-grade, high-stage, 
clear-cell, and papillary tumors [42-44]. Microvas- 
cular invasion and renal collecting system invasion, 
while occurring in less than 10% of patients, are 
poor prognostic indicators for patients with clini- 
cally localized RCC [44, 45]. Clinical patient features 
including performance status and the presence of 
symptoms have been demonstrated to predict survival 
[45, 46]. Finally, in patients with metastatic disease, 
lung metastases have proven to be favorable while 
bone, brain, liver, and multiple metastases are poor 
prognostic indicators [47, 48]. 


Treatment 


A number of treatment options for RCC exist and are 
tailored to stage. For patients with clinically localized 
disease, management options include AS, RN, partial 
nephrectomy (PN), and energy ablative (EA) treat- 
ments (cryotherapy and radiofrequency ablation). 

AS involves a period of serial imaging for patients 
with small renal masses, usually <4 cm, and consider- 
able medical comorbidities or reluctance to undergo 
surgery. Rates of progression to metastatic disease are 
<2% in retrospective series and prospective studies 
demonstrate promising short-term results [49, 50]. 
The American Urological Association (AUA) recom- 
mends all patients undergoing AS to understand the 
small but real risk of cancer progression, loss of a 
window of opportunity for nephron-sparing sur- 
gery (NSS), lack of curative treatments for metastatic 
RCC, limitations of renal biopsy, and deficiencies in 
the current literature [38]. 

RN is the surgical removal of the kidney, the invest- 
ing Gerota’s fascia, the contents within Gerota’s fas- 
cia, and is considered the gold standard for kidney sur- 
gery due to excellent oncologic outcomes. However, 
given considerations of chronic kidney disease and 
associated cardiovascular morbidity and mortality, 
RN has fallen out of favor for small renal tumors. 
However, due to equivalent oncological outcomes and 
improved recovery when compared to open surgery, 
laparoscopic RN has become the standard for uncom- 
plicated tumors, <7 cm, not amenable to NSS, and 
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has been safely demonstrated in larger tumors [38]. 
Surgical principles of RN include early ligation of the 
renal vessels, removal of the ipsilateral adrenal gland, 
and regional lymph node dissection. Adrenalectomy 
is not always necessary when tumors are situated 
in the lower pole or in the absence of radiographic 
involvement [51]. Similarly, lymph node dissection in 
the absence of lymphadenopathy is controversial as 
a randomized study does not demonstrate a benefit 
to lymphadenectomy [51, 52]. Laparoscopic RN can 
be performed through a transperitoneal or retroperi- 
toneal approach while open RN can be performed 
through flank, subcostal, or thoracoabdominal 
approach. For patients with locally advanced tumors 
or tumors invading the IVC, a midline incision can be 
made to access the great vessels or extended to include 
a sternotomy in the case of a thrombus extending 
above the diaphragm or an atrial thrombus. 

Historically, the absolute indications for PN 
include patients with a solitary kidney, bilateral 
tumors, or baseline renal insufficiency. According to 
the AUA, PN is the standard-of-care for clinical T1 
tumors amenable to NSS [38]. The basic principles 
of PN include excellent exposure and vascular con- 
trol, excision of the tumor with a margin of normal 
renal parenchyma, and reconstruction of the kidney 
to minimize the risk of hemorrhage or fistula. PN can 
be performed via an open or laparoscopic approach. 
Serious adverse events following open PN are among 
the lowest of all NSS. The benefits of the laparoscopic 
approach should be weighed against higher risk of 
complications and longer ischemia times reported in 
the literature [38]. 

EA can be performed via an open, laparoscopic, 
or percutaneous approach. While EA may be a valid 
treatment for older patients or those with substantial 
comorbidities, the long-term oncologic efficacy of 
EA is unknown and local recurrence rates are higher 
than other NSS. While a promising treatment of RCC, 
ongoing concerns with EA include local recurrence 
rates, radiographic parameters of success, and diffi- 
culty with salvage. 

Survival is generally poor for patients with meta- 
static RCC and no standard approach to treatment 
exists. Some patients may benefit from cytoreduc- 
tive nephrectomy and systemic immunotherapy [48]. 
Novel systemic, targeted immunotherapies have 
proven to extend survival in some patients with meta- 
static disease [53]. 
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WHAT TO AVOID 


e Renal tumors are generally asymptomatic; the classic 
triad of hematuria, flank pain, and abdominal mass 
occurs in <10% of patients. 

e Percutaneous biopsy is indicated in those patients in 
whom there is concern for renal abscess (fever, recur- 
rent UTI, and flank pain), suspicion of metastases in a 
patient with a non-renal primary malignancy or lym- 
phoma. 

e RCC is a chemo- and radiation-resistant malignancy. 
However, RCC is an immunogenic malignancy and 
treatment options for metastatic RCC include cy- 
toreductive nephrectomy with concomitant removal 
of solitary synchronous or metachronous metastases 
with systemic immunotherapy (interleukin 2 or inter- 
feron alpha) or targeted molecular agents (sunitinib, 
sorafenib, etc.). 


KEY WEB LINKS 


National Cancer Institute 
http://www.cancer.gov/cancertopics/types/kidney 


Cancer Treatment Centers of America 


http://www.cancercenter.com/ (for patients) 


Multiple choice questions 


1 A healthy, 58-year-old man without a medical his- 
tory is found to have an incidental 4 cm mass in his left 
kidney following ER evaluation for a motor vehicle ac- 
cident. The mass is peripheral and mostly exophytic. It 
demonstrates fluid density on CT but has several solid 
components that enhance with IV contrast. His left kid- 
ney and renal function are normal. The most suitable 
management strategy recommended by the AUA is 

a PN 

b AS 

c Cryoablation 

d Renal biopsy 

e RN 


2 Standard evaluation of a patient with a large 
(>7 cm) renal mass includes all of the following except: 
High-quality axial image with contrast 

CT scan of the chest 

Liver function tests 

BMP 

Chest X-ray 


oad as 
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Answers to multiple choice questions 


1 a This lesion can be classified as a Bosniak IV le- 
sion and requires treatment in a healthy, young pa- 
tient. According to the 2009 AUA Guidelines for the 
Management of the Clinical Stage 1 Renal Mass, par- 
tial nephrectomy (PN) is the standard treatment for 
cT1la lesions amenable to nephron-sparing surgery 
(NSS). This lesion is peripheral and exophytic, and 
likely amenable to an NSS approach. While thermal 
ablation and active surveillance (AS) are options, they 
are less favorable choices in a young, healthy patient. 
Renal biopsy is not indicated in this patient. 

2 b CT scan of the chest. Routine metastatic evaluation 
for patients with large or advanced tumors should include 
the assessment of performance status, chest radiography, 
basic metabolic panel (BMP), and liver function tests. 
Performance status reflects overall patient health, life 
expectancy, and may guide management. A BMP evalu- 
ates the renal function, chest radiography and liver func- 
tion tests evaluate visceral metastases. Chest CT should 
be reserved only for patients with pulmonary symptoms 
or an abnormal chest X-ray. Bone scan is indicated only 
in patients with an elevated alkaline phosphatase, bone 
pain, or precipitous decline in the performance status. 
Similarly, head imaging is not routinely recommended 
as patients with brain metastases typically present with 
symptoms related to a brain lesion. 
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KEY POINTS 


The adrenal cortex is subdivided into the zona glomerulosa, 
zona fasciculata, and zona reticularis. These zones secrete 
aldosterone, cortisol, and sex steroids, respectively. 

The adrenal medulla secretes catecholamines which serve 
a variety of functions throughout the body. 

Cushing’s syndrome is due to excessive glucocorticoids 
and is most commonly caused by exogenous 
administration of synthetic glucocorticoids. 
ACTH-dependent Cushing's syndrome is due to a pituitary 
adenoma or ACTH-secreting tumor, both of which are 
managed surgically. 

ACTH-independent Cushing’s syndrome is due to adrenal 
hyperplasia or adrenal adenoma. Treatment depends on 
severity of syndromes and disease laterality. 

Primary hyperaldosteronism is due to excessive secretion 
of aldosterone. 

The majority of cases of primary hyperaldosteronism is 
due to adrenal hyperplasia or adrenal adenomas. 


Treatment of primary aldosteronism depends on the 
etiology. Adenomas are typically resected while bilateral 
hyperplasia is managed with aldosterone receptor agonists. 
Pheochromocytomas are catecholamine-secreting lesions 
of the adrenal medulla. 

Classic symptoms of a pheochromocytoma include 
headache, episodic hypertension, and tachycardia. 
Surgical resection is the mainstay of treatment of 
pheochromocytomas. 

Adrenal insufficiency is treated with replacement of 
glucocorticoids and mineralocorticoids. 

Adrenal cortical carcinoma is characterized by large 
lesions (>4—6 cm) that typically present at an advanced 
stage and carry a poor prognosis. 

Metastatic deposits are common lesions in the 
adrenal. Melanoma, lung cancer, and renal cell 
carcinoma are common cancers that metastasize 

to the adrenal. 


CASE STUDY 1 


A 50-year-old female presents to her primary care physician 
with a chief complaint of fatigue and weight gain. Her past 
medical and surgical histories are unremarkable. She does 
have a 25 pack per year smoking history. On physical exam- 
ination her blood pressure is 175/96. She has central obesity 
with peripheral wasting of her extremities. Additionally, she 
has purple striae on her abdomen, and has numerous bruis- 
es on her arms. She denies trauma or abuse. Laboratory 
evaluation was significant for a fasting blood sugar of 170. 

This patient has the classic appearance of Cushing’s 
syndrome as well as systemic symptoms associated with 
the syndrome (hypertension/glucose intolerance). As part 
of her work-up she first undergoes a late-night salivary 


cortisol level. Her elevated level of 25.6 nmol/L establishes 
the diagnosis of Cushing’s syndrome. In order to determine 
the etiology of her Cushing’s syndrome, she has an ACTH 
level drawn which is markedly elevated. Furthermore, a 
high-dose dexamethasone suppression test fails to suppress 
cortisol levels. She next undergoes a CT scan of the chest/ 
abdomen/pelvis which demonstrates a spiculated mass in 
the left lung. After a negative metastatic work-up, she un- 
derwent left lower lung lobectomy. Pathology was consis- 
tent with small cell carcinoma of the lung. After surgery, 
her symptoms associated with her Cushing’s syndrome 
subsided. This woman had Cushing’s syndrome secondary 
to ectopic ACTH secretion from a small cell lung cancer. 
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CASE STUDY 2 


A 53-year-old male is being evaluated by his PCP for per- 
sistent hypertension. He was first diagnosed with hyper- 
tension 6 months ago. Prior to this he was normotensive. 
His past medical history is notable for gastroesophageal 
reflux disease and hyperlipidemia. He has had no previous 
surgery. He has no allergies. Current medications include 
hydrochlorothiazide, metoprolol, and captopril. Today, 
his blood pressure is 195/100. Furthermore, on laboratory 
evaluation his creatinine was found to be 1.7. Upon fur- 
ther questioning, the patient does describe a recent history 
of headaches and occasional flushing. 

This patient has significant hypertension refractory to mul- 
tiple medications with evidence of end organ damage (Cr: 
1.7). Given this scenario, his PCP begins working him up for 
other causes of hypertension. As part of this evaluation, a CT 
scan is performed which demonstrates a 5 cm right adrenal 
mass which avidly enhances with contrast and has a slow 
washout. At this time the patient is referred to his urologist 
for further evaluation. His urologist obtains plasma-free me- 
tanephrines, 24-hour urinary catecholamines, and 24-hour 
fractioned metanephrines. All levels are significantly elevated. 
At this time the patient is diagnosed with a pheochromocy- 
toma and plans are made for right adrenalectomy. 


Prior to surgery, the patient is started on a nonselec- 
tive a-blocker (phenoxybenzamine). Once a-blockade 
has been established, B-blockade with atenolol is be- 
gun. The day prior to surgery the patient is admitted 
to the hospital for intravenous hydration, endocrinol- 
ogy consult, and anesthesiology consult. The next day 
the patient undergoes laparoscopic right adrenalectomy. 
Postoperatively, the patient was admitted to the ICU 
where there was persistent hypotension for 24 hours. 
On postoperative day 3, the patient was hemodynami- 
cally stable and was discharged home in good condition 
with a blood pressure of 130/70. The surgical aspects 
of this case highlight several important points. First, 
preoperatively patients should receive a-blockade fol- 
lowed by B-blockade (especially if symptomatic). It is 
prudent to admit these patients for aggressive hydration 
prior to surgery. Furthermore, these cases are best ap- 
proached via a multidisciplinary team consisting of a 
surgeon, an endocrinologist, and an anesthesiologist. 
Postoperatively patients need admission to the ICU to 
be monitored for hemodynamic instability secondary to 
removal of pheochromocytoma and residual effects of 
the a-blockade. 


CASE STUDY 3 


A 37-year-old male presents to the ED with a chief com- 
plaint of back pain for several months. He has been 
unable to get relief with over-the-counter medications, 
and seeks more potent pain medications. He does re- 
port recent malaise and 15 pound unintentional weight 
loss. He has no past medical or surgical history. Physi- 
cal examination is normal except for a sense of fullness 
on the right side of the abdomen. Given his abnormal 
abdominal examination he undergoes a CT scan which 
demonstrates a 15 cm heterogeneous, enhancing mass 
superior to and involving the right kidney. Additionally, 
there are several large retroperitoneal nodes up to 2 cm 
and several enhancing lesions within the liver. Given 
these findings the patient was admitted to the hospital. 


He underwent needle biopsy of the mass which was con- 
sistent with adrenal cortical carcinoma (ACC). Given his 
metastatic disease the patient was not deemed a surgical 
candidate. He was started on mitotane for his systemic 
disease. Unfortunately, the patient expired from this dis- 
ease 18 months later. 

This case of ACC highlights several important points. 
First patients are either asymptomatic or have vague symp- 
toms. These lesions are usually picked up incidentally on 
cross-sectional imaging. Second, these lesions tend to be 
large (>5 cm). Third, over 50% present with locally ad- 
vanced or metastatic disease. Finally, the prognosis of 
patients with locally advanced or metastatic ACC is uni- 
formly poor with 5-year survival rates reported at <5%. 


Introduction 


The adrenal glands are small retroperitoneal organs 
which secrete a variety of hormones that serve a 
pivotal role in a multitude of physiologic processes 
throughout the human body. Alterations in adrenal 
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steroid synthesis result in a number of well-described 
syndromes. However, the diagnosis and treatment of 
these syndromes is challenging. This chapter serves to 
discuss the presentation, diagnosis, and treatment of 
the most common adrenal disorders encountered by 
urologists. 


Anatomy and normal physiology 
Normal anatomy and histology 


The adrenal glands are paired retroperitoneal organs 
that lie superior to the kidneys within Gerota’s fas- 
cia. The inferior phrenic artery, aorta, and renal ar- 
tery provide the arterial blood supply to the adrenal 
gland. Venous drainage occurs via a solitary adrenal 
vein which drains into the inferior vena cava and re- 
nal vein on the right and left, respectively. Notably, 
the short right adrenal vein is a common site for trou- 
blesome bleeding during right adrenalectomy [1]. 
Microscopically, the adrenal is composed of an out- 
er adrenal cortex and inner medulla. Embryologically, 
these layers are derived from the intermediate meso- 
derm and neuroectoderm, respectively. The adrenal 
cortex is further subdivided into the zona glomerulosa 
most superficially, zona fasciculata, and zona reticu- 
laris adjacent to the medulla. The normal function of 
these zones is to secrete aldosterone, cortisol, and sex 
steroids (dehydroepiandrosterone (DHEA), sulfated 
DHEA, and androstenedione), respectively. These 
steroids are all derived from cholesterol metabolism. 
The production of pregnenolone from cholesterol via 
mitochondrial side chain cleavage is the rate limiting 
step in the production of all adrenal cortex hormones. 
The adrenal medulla is composed of chromaffin cells. 
These cells function as an integral part of the sym- 
pathetic nervous system by secreting catecholamines 
(epinephrine, norepinephrine, and dopamine) [1]. 


Normal physiology 


Aldosterone, secreted by the zona glomerulosa, is 
the primary mineralocorticoid in humans. Secretion 
is regulated primarily by angiotensin II and serum 
potassium levels with ACTH providing a less potent 
stimulus. Angiotensin II is formed under the influence 
of the renin—angiotensin system which is primarily 
regulated by effective circulating blood volume and 
sodium balance. Specifically, decreased renal perfu- 
sion pressure, decreased sodium delivery to the distal 
nephron, and serum hyperkalemia lead to increased 
secretion of aldosterone. The main function of aldos- 
terone is to promote sodium reabsorption and potas- 
sium secretion in the distal nephron [1, 2]. 

Cortisol, the main glucocorticoid in humans, is 
secreted by the zona fasciculata under the influence 
of adrenocorticotropic hormone (ACTH) secreted by 


CHAPTER 26 ADRENAL DISORDERS 


the anterior pituitary gland [2]. Secretion of cortisol 
occurs in a distinct circadian rhythm with highest lev- 
els occurring in the early morning. Cortisol has a key 
role in modulating numerous physiologic pathways 
including metabolism, immunity, and cardiovascular 
and nervous system function [1, 3]. 

Adrenal sex steroids secreted by the zona reticularis 
include DHEA, DHEA-S, and androstenedione. Pro- 
duction of these hormones is under the influence of 
ACTH. In the normal state, these hormones do not 
play a major role in adult physiology [1, 2]. 

Epinephrine is the major secretory product of the 
adrenal medulla (80%) [4]. Interestingly, the adrenal 
medulla is the primary source of epinephrine as the 
enzyme responsible for converting norepinephrine 
to epinephrine (phenylethanolamine N-methyltrans- 
ferase) is located primarily in the adrenal gland [4]. 
Secretion of epinephrine and other catecholamines is 
regulated by preganglionic sympathetic fibers which 
innervate the adrenal medulla. The effect of catecho- 
lamines is variable throughout the body and depends 
on the target organ and the type of adrenergic recep- 
tor. Of note, the main metabolites of catecholamine 
degradation are metanephrine, normetanephrine, and 
vanillylmandelic acid. Quantitative analysis of serum 
and urine levels of these metabolites is important in 
the diagnosis of pheochromocytomas as will be dis- 
cussed later in this chapter [1]. 


Cushing's syndrome 
Overview and presentation 


Cushing’s syndrome describes the symptom complex 
associated with excess circulating glucocorticoids 
from the adrenal cortex. The incidence of Cushing’s 
syndrome is 2-5 per million people per year [5, 6]. 
Causes of Cushing’s syndrome can be subdivided 
into three main categories: (1) ACTH dependent, 
(2) ACTH independent, and (3) exogenous. Over- 
all, exogenous Cushing’s syndrome, secondary to 
the iatrogenic administration of synthetic glucocorti- 
coids, is the most common etiology [7]. Considering 
only endogenous cases, ACTH-dependent Cushing’s 
syndrome accounts for 80-85% of cases [7]. Impor- 
tantly, other conditions (alcoholism, major depres- 
sive disorder, obesity, etc.) can cause dysregulation 
of the hypothalamus-pituitary—adrenal axis causing 
elevated cortisol levels in the absence of Cushing’s 
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syndrome (pseudo-Cushing’s syndrome) [1]. These 
must be ruled out before establishing a diagnosis of 
Cushing’s syndrome. 

ACTH-dependent Cushing’s syndrome results from 
pathology extrinsic to the adrenal gland. The majority 
of cases (80%) are due to hypersecretion of ACTH by 
a pituitary adenoma. This condition is known as Cush- 
ing’s disease. The other major cause of ACTH-dependent 
Cushing’s syndrome is ectopic ACTH production most 
commonly from a lung or pancreatic source [7]. 

ACTH-independent Cushing’s syndrome is due to 
unregulated secretion of glucocorticoids from the ad- 
renal cortex. Functional adrenal adenomas and adre- 
nal cortical carcinomas (ACC) represent the majority 
of these cases and account for ~10% and 8% of cases 
of Cushing’s syndrome, respectively. Rare entities in- 
cluding macronodular adrenal hyperplasia and pri- 
mary pigmented nodular adrenocortical disease com- 
prise the remainder of cases with each accounting for 
<1% of cases of Cushing’s syndrome [1, 7]. 


Presentation 


The clinical presentation of Cushing’s syndrome is vari- 
able among patients and often nonspecific. Typically, 
patients have a classic appearance characterized by cen- 
tral obesity with peripheral muscle wasting, moon faces, 
buffalo hump, and abdominal striae [6]. In addition, pa- 
tients often present with systemic symptoms including 
hypertension and metabolic syndrome [8]. Table 26.1 
lists various signs and symptoms of Cushing’s syndrome 
with their estimated prevalence. Other urology-specific 
complications of Cushing’s syndrome include hypogo- 
nadal hypogonadism and urolithiasis [1]. 


Diagnosis 


Diagnosis begins with having a low threshold for 
working-up a patient for Cushing’s syndrome as many 
signs and symptoms are nonspecific. Furthermore, 
exogenous administration of synthetic glucocorti- 
coids and comorbidities causing pseudo-Cushing’s 
syndrome must be excluded. The diagnostic work- 
up should then proceed in a systematic fashion as 
follows: 

1 Diagnosis of Cushing’s syndrome: Diagnosis of 
Cushing’s syndrome was historically based on the 
low-dose dexamethasone suppression test. In pa- 
tients with Cushing’s syndrome, administration of 
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Table 26.1 Signs and symptoms of Cushing’s syndrome [8] 


Signs and symptoms Prevalence (%) 


Central obesity 90-100 
Rounded face (moon faces) 
Facial plethora 


Decreased libido 


Purple striae 70-90 
Menstrual disturbances 

Hirsutism 

Erectile dysfunction 


Hypertension 


Muscle weakness 50-70 
Posterior neck fat deposit (buffalo hump) 

Body bruising 

Glucose intolerance/diabetes 

Osteopenia/osteoporosis 


Emotional lability/depression 


Headache 
Backache 
Limb edema 


20-50 


Recurrent infections 

Hypokalemic alkalosis 

Nephrolithiasis 

Acne 0-20 
Alopecia 


dexamethasone fails to suppress cortisol levels the 
following morning. More commonly used tests now 
include a 24-hour urinary free cortisol measurement 
and late-night salivary cortisol test. 
2 Determine dependence on ACTH: The most direct 
way to determine ACTH dependence is by measuring 
serum ACTH. Obviously, a high-serum ACTH indi- 
cates an ACTH-dependent pathology. 
3 Identifying the etiology of ACTH-independent 
Cushing’s syndrome: Abdominal cross-sectional im- 
aging to evaluate adrenal glands. 
4 Identifying the etiology of ACTH-dependent Cush- 
ing’s syndrome: Cross-sectional imaging of the head, 
chest, and abdomen is typically performed to diag- 
nose a pituitary adenoma or ACTH-secreting tumor. 
However, the high prevalence of pituitary microad- 
enomas and incidental findings within the lungs and 
pancreas limit the utility of imaging in establishing a 
diagnosis. 

The high-dose dexamethasone suppression test was 
historically used to differentiate Cushing’s disease 
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‘Table 26.2 General treatment strategies for Cushing’s syndrome stratified by etiology 


Etiology Treatment 


Exogenous Cushing’s syndrome 


Cushing’s disease 


Cessation of exogenous glucocorticoids 


Transsphenoidal surgical resection—-25% relapse rate 


Consider radiotherapy or bilateral adrenalectomy’ if surgical resection fails 


Ectopic ACTH production 


Adrenal adenoma 
Adrenal cortical carcinoma 


Macronodular hyperplasia 


Resection of ACTH-secreting tumor if feasible 


Unilateral adrenalectomy vs. partial adrenalectomy 


1 
2 
3 
4 
5 Bilateral adrenalectomy? if tumor is unresectable or unidentifiable 
6 
7 Unilateral adrenalectomy 

8 


Bilateral adrenalectomy 


“Nelson’s syndrome defined as the developing of an ACTH-secreting pituitary adenoma can result in 8-29% of patients after 


bilateral adrenalectomy. Patients typically present with visual changes and rarely with symptoms due to increased intracranial 


pressure [34]. 


(pituitary adenoma) from ectopic ACTH production. 
In this test, cortisol levels are suppressed in patients 
with Cushing’s disease after a high dose of dexameth- 
asone. However, the value of this test is now limited 
and direct measurement of ACTH from the inferior 
petrosal sinus following corticotrophin stimulation is 
now the gold standard [1, 6]. 


Treatment 


Treatment of Cushing’s syndrome depends on the eti- 
ology of the syndrome. Table 26.2 provides general 
treatment recommendations for the various etiologies 
of Cushing’s syndrome. At times, definitive treatment 
of Cushing’s syndrome is not possible and medical 
therapy must be employed to control the symptoms. 
These medications include metyrapone, aminogluteth- 
imide, mitotane, and ketoconazole work by blocking 
enzymes involved in steroid synthesis [1]. 


Primary hyperaldosteronism 
(Conn’s syndrome) 


Overview 


Primary aldosteronism, first described by Dr. Jerome 
Conn in 1955, is defined by aldosterone secretion occur- 
ring independent of the renin—angiotensin—aldosterone 
system [9]. The disease has a reported prevalence of 
5-13% among hypertensive patients, and is most com- 
monly diagnosed in the third to the sixth decade of life 


[10-12]. The etiology is most commonly an adrenal 
adenoma (35%) or idiopathic bilateral hyperplasia 
(60%). Other rare causes of primary aldosteronism 
include unilateral idiopathic hyperplasia (2%), ACC 
(<1%), ectopic aldosterone-secreting tumor (<1%), 
and familial hyperaldosteronism (<1%) [12]. 


Presentation 


Classic characteristics of primary aldosteronism in- 
clude hypertension and hypokalemia. Patients typi- 
cally have moderate to severe hypertension that is 
more severe than patients without primary hyperal- 
dosteronism [1]. Mean blood pressures in contem- 
porary series have ranged from 154/98 to 184/112 
[11, 12]. Although hypokalemia has classically been 
described in association with primary aldosteronism, 
between 63% and 91% of newly diagnosed patients 
will have normal serum potassium levels [10]. Other 
less common symptoms include muscle weakness, uri- 
nary frequency, headaches, nocturia, and polydipsia. 
Notably, hypernatremia does not occur due to miner- 
alocorticoid escape. 


Diagnosis 


Diagnosis of primary aldosteronism includes screen- 
ing, confirmation, and subtype differentiation. 

1 Screening: Table 26.3 lists indications for screen- 
ing for primary aldosteronism. Before initiating 
diagnostic tests, hypokalemia must be corrected and 
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Table 26.3 Indications for screening for primary 
aldosteronism [1] 


Hypertension with hypokalemia 

Resistant hypertension (poor control with >3 agents) 

Adrenal incidentaloma with hypertension 

Early onset of hypertension (<20) or stroke (<50) 

Severe hypertension (>160/>110) 

When considering causes of secondary hypertension 

Unexplained hypokalemia 

Target end organ damage disproportionate to degree of 
hypertension 


aldosterone-antagonist medications must be stopped 
for at least 6 weeks. Primary aldosteronism is estab- 
lished by obtaining a morning plasma aldosterone 
concentration (PAC) and plasma renin activity (PRA). 
The following values represent a positive screening 
test and are indicative of primary aldosteronism: 

e PAC> 15 ng/dL 

PRA < 0.2 nd/dL 

PAC:PRA < 20:1 

2 Confirmation: 50-70% of patients with a positive 
screening test will ultimately be diagnosed with pri- 
mary aldosteronism. Four tests (fludrocortisone sup- 
pression test, oral sodium loading test, intravenous 
saline infusion test, and captopril suppression test) 
have been described to confirm the diagnosis of pri- 
mary aldosteronism. Currently, the oral sodium load- 
ing test and intravenous saline infusion test are the 
most commonly used. 

3 Subtype differentiation: Once a primary aldos- 
teronism diagnosis has been established the next step 
is identifying patients who are surgical candidates 
(unilateral pathology). The initial test of choice is an 
adrenal CT scan. However, given that 20% of aldos- 
terone-secreting adenomas are <1 cm and the potential 
presence of nonfunctional adenomas it is recommend- 
ed that adrenal vein sampling be performed to lateral- 
ize the location of excess aldosterone secretion [1]. 


Treatment 


Treatment of primary aldosteronism depends on 
disease subtype and a patient’s suitability for surgi- 
cal therapy. Unilateral adrenalectomy is reserved for 
patients with a confirmed unilateral source of excess 
aldosterone (adenoma, unilateral hyperplasia, and 
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ACC). Surgical success, defined as requiring no an- 
tihypertensives postoperatively, occurs in 33-73% of 
patients [13-15]. Patients with nonsurgical disease 
(bilateral hyperplasia) and those who are not surgical 
candidates should be managed with aldosterone re- 
ceptor antagonists (spironolactone or eplerenone) [1]. 


Pheochromocytoma 
Overview 


Pheochromocytomas are catecholamine-secreting tu- 
mors of the adrenal medulla. Approximately 1-25% 
of catecholamine-secreting tumors occur outside the 
adrenal in sympathetic ganglia and are referred to as 
paragangliomas [16]. The incidence of pheochromocy- 
tomas has been reported as 1-2 per 100,000 people per 
year [17]. Approximately 33% of pheochromocytomas 
occur in association with several familial syndromes in- 
cluding von Hippel-Lindau disease, von Recklinghaus- 
en’s disease (neurofibromatosis type 1), and multiple 
endocrine neoplasia type 2A and 2B [18]. Familial cases 
typically occur at a younger age than sporadic cases 
which are most common in the fourth and fifth decades 
of life. The majority of pheochromocytomas are patho- 
logically benign, but ~5% of patients will have malig- 
nant disease defined by the presence of metastases [1]. 


Presentation 


Symptoms depend on the type and amount of cat- 
echolamines secreted. The classic triad of symptoms 
for a pheochromocytoma is headache, episodic hyper- 
tension, and tachycardia [1]. Of these, headache is the 
most common symptom occurring in up to 90% of 
patients [19]. Notably, more patients have sustained 
hypertension as compared to the classically described 
episodic hypertension. Table 26.4 lists symptoms as- 
sociated with pheochromocytoma and their relative 
prevalence. Approximately 20% of patients with a 
pheochromocytoma are asymptomatic. Additionally, 
cases of familial pheochromocytoma will present at 
a younger age with a phenotype consistent with the 
familial syndrome. 


Diagnosis 


Diagnosis of pheochromocytoma includes both a 
biochemical and an imaging evaluation. Biochemical 


Table 26.4 Signs and symptoms of pheochromocytoma [19] 


Sign or symptom Frequency (%) 


Headache 60-90 
Palpitations 50-70 
Sweating 55-75 
Pallor 40-45 
Nausea 20-40 
Flushing 10-20 
Weight loss 20-40 
Tiredness 25-40 
Psychological symptoms 20-40 
Sustained hypertension 50-60 
Paroxysmal hypertension 30 

Orthostatic hypotension 10-50 
Hyperglycemia 40 


evaluation documents an excess of catecholamines. 
Currently, plasma-free metanephrines is the best test 
with a sensitivity of 97-99% and specificity of 82- 
96% [20]. Typically, the initial diagnostic work-up 
includes plasma-free metanephrines, 24-hour urinary 
catecholamines, and 24-hour urine-fractioned me- 
tanephrines. 

Imaging evaluation begins with either CT or 
MRI. Typical CT appearance is an attenuation of 
>10 HU on noncontrast-enhanced scans with slow 
washout after the administration of contrast [21]. 
Typical MRI characteristics include bright signal 
intensity on T2-weighted images and absence of 
signal drop out out-of-phase sequences [22]. In 
cases where the lesion cannot be localized with CT 
or MRI, metaiodobenzylguanidine (MIBG) scintig- 
raphy can be used. 


Treatment 


The standard of care for pheochromocytomas is uni- 
lateral adrenalectomy. Perioperatively, patients should 
be treated first with a-blockade (phenoxybenzamine) 
followed by B-blockade (selective B,-blockers). Addi- 
tionally, the patient should be aggressively hydrated 
going into the operating room. Postoperatively, pa- 
tients should be monitored in the intensive care unit 
as hypotension is common especially in the setting of 
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a preoperative o-blockade [1]. Lifelong follow-up is 
mandatory for these patients as up to 16% of patients 
will recur and up to 50% of recurrences are malig- 
nant [23]. 


Adrenal insufficiency 
(Addison's disease) 


Overview 


Adrenal insufficiency is a deficiency of mineralo- 
corticoids and glucocorticoids. It may occur in a 
chronic or acute (Addisonian crisis) fashion with 
the latter representing a life-threatening condition 
[24]. There are numerous etiologies of adrenal in- 
sufficiency with autoimmune diseases and infec- 
tion (tuberculosis) representing the most common 
etiologies in developed and undeveloped countries, 
respectively. The etiologies most commonly seen by 
urologists include bilateral adrenalectomy, abrupt 
cessation of exogenous steroids, and interruption 
of normal adrenal steroid synthesis with medica- 
tions (ketoconazole or abiraterone). Other eti- 
ologies include infiltrative diseases (amyloidosis), 
hemorrhage, and abnormalities of the pituitary or 
hypothalamus [1]. 


Presentation 


Acute adrenal insufficiency is a life-threatening condi- 
tion characterized by hypotension refractory to fluid 
resuscitation, abdominal pain, nausea, vomiting, and 
fever. These patients often represent a diagnostic di- 
lemma and providers must keep a high index of suspi- 
cion for an Addisonian crisis. 

Initial presentation of chronic adrenal insufficiency 
is characterized by nonspecific signs and symptoms 
including fatigue, anorexia, and vague aches and 
pains. Hyperpigmentation of the skin is a classic sign 
due to excess serum melanocortin, a by-product of 
ACTH production. Abnormal laboratory values in- 
cluding hyponatremia, hyperkalemia, and azotemia 
may be present in some patients [1]. 


Diagnosis 


Diagnosis of acute adrenal insufficiency is made on 
clinical grounds. Appropriate therapy should be ad- 
ministered at the time of suspected diagnosis. 
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Diagnosis of chronic adrenal insufficiency is ac- 
complished by the measurement of an early morn- 
ing cortisol and ACTH. If abnormalities in these 
tests are discovered, a corticotropin test is per- 
formed to assess the adrenal’s response to ACTH 
stimulation [1]. 


Treatment 


Treatment of adrenal insufficiency involves the 
replacement of mineralocorticoids and glucocor- 
ticoids. Hydrocortisone and fludrocortisones are 
typically used in the chronic setting. 4 mg of dex- 
amethasone or 100 mg of hydrocortisone is typi- 
cally administered to patients with acute adrenal 
insufficiency. 


Adrenal cortical carcinoma 
Overview 


ACC is a rare malignant tumor with an estimated 
incidence of 0.2-2 per million per year. These le- 
sions occur more commonly in females and have a 
bimodal distribution with peaks both in childhood 
and during the fourth and fifth decades of life. The 
majority of lesions are unilateral occurring spo- 
radically although a minority may be bilateral in 
association with various tumor syndromes such as 
Li-Fraumeni and Beckwith-Wiedemann syndromes 
[1, 25]. 


Presentation 


Due to increased utilization of cross-sectional im- 
aging, a significant number of ACCs are detected 
incidentally. However, up to 79% of tumors are 
biochemically active (most commonly cortisol), and 
patients may present with signs and symptoms as- 
sociated with the tumor’s secretory product [25]. All 
tumors can also present with constitutional symp- 
toms including pain, nausea, vomiting, fever, and 
weight loss. 


Diagnosis and staging 


The diagnosis of ACC is based on radiographic 
characteristics. However, the functional status of 
all lesions should be evaluated for the purposes of 
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pre- and postoperative planning. Radiographi- 
cally, most lesions are large with an average size of 
10-12 cm, and >90% being larger than 5 cm [26, 27]. 
Given the strong correlation between malignancy and 
adrenal tumor size, it is currently recommended that 
incidental adrenal tumors >4—6 cm undergo surgical 
excision [1]. Patients suspected of ACC should also be 
assessed for the presence of metastases which occur 
most commonly in the lung and liver. 

On CT, lesions are typically irregular with hetero- 
geneous enhancement and areas of hemorrhage and 
necrosis. Additionally, lesions demonstrate increased 
enhancement and delayed washout compared to ad- 
enomas [25, 28]. On MRI, lesions typically have a 
bright signal intensity on T2-enhanced images, and 
demonstrate avid enhancement on gadolinium-en- 
hanced images [29]. 

Staging is typically via the TNM system. T1 and 
T2 tumors are confined to the adrenal gland and 
are differentiated by a size cutoff of 5 cm. T3 tu- 
mors exhibit local invasion into the periadrenal 
adipose tissue, and T4 lesions invade adjacent 
organs [1]. 


Treatment and prognosis 


Adrenalectomy is the mainstay of treatment for ACC. 
Unfortunately, up to 49% of patients will present with 
locally advanced or metastatic disease for which sur- 
gery may not be curative [1]. Table 26.5 lists 5-year 
survival estimates by tumor stage. Metastatic disease 
is typically treated with mitotane which also has ef- 
ficacy in the adjuvant setting after adrenalectomy for 
localized ACC. 


Table 26.5 Prognosis of ACC by stage [1] 


At diagnosis 5-year 


Stage 2004 UICC/WHO (%) survival(%) 

1  TINOMO 3-4 33-66 

2  T2NOMO 29-46 20-58 

3 T1-T2N1MO 11-19 18-24 
T3NOMO 

4 T1-4N0-1M1 39-49 <5 
T3N1MO 
T4N0-1MO 


Adenoma and other benign lesions 
Adrenal adenoma 


Adrenal adenomas are the most common adrenal le- 
sion occurring in up to 7% of patients over 70 years 
[30]. Most lesions are detected incidentally and the 
overwhelming majority is biochemically inactive 
(>90%) [1, 30]. Contrast-enhanced CT scan is the 
gold standard in the diagnosis of adrenal adenomas. 
These lesions are homogeneous, smooth-bordered 
lesions which demonstrate hypoattenuation on un- 
enhanced images due to high levels of intracellular 
lipid. Additionally, adenomas exhibit rapid washout 
on contrast-enhanced images [31]. The vast majority 
of these lesions are <4cm in size. Treatment is adre- 
nalectomy for metabolically active lesions and lesions 
>4-6 cm due to the increased risk of malignancy. 
Lesions not meeting these criteria may be managed 
conservatively [1]. 
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Other benign lesions 


Other benign lesions include oncocytoma and mye- 
lolipoma. Myelolipomas are benign lesions diagnosed 
via the detection of macroscopic fat on cross-sectional 
imaging. These lesions are managed conservatively. 
Oncocytomas are indistinguishable from other adre- 
nal lesions and are typically excised when larger than 
4-6 cm. Some of these lesions can exhibit malignant 
potential [1]. 


Adrenal metastases 


The adrenal is a common site of metastases. Pri- 
mary tumors which frequently metastasize to the 
adrenals include melanoma, lung cancer, and renal 
cell carcinoma. In fact, in patients with a known 
primary tumor, up to 50% of incidentally detected 
adrenal lesions will represent a metastatic deposit 


Suspicious imaging features 


Adrenal mass 


Benign imaging features 
and mass <4 cm 


| 


and/or mass > 4 cm (see text) 


Functional testing as needed 
(make sure to rule... out pheo) 


Functional workup 
1. Low-dose dexamethasone suppression test or late night 
salivary cortisol or 24-hour urinary cortisol (see text). 


or plasma-free metanephrines (see text). 


ratio and plasma morning aldosterone level. 


2. 24-hour urinary-fractionated metanephrines/catecholamines 


3. If patient hypertensive, morning plasma aldosterone to renin 


ADRENALECTOMY 
(prophylaxis for pheochromocytomas) 


A 


Confirmatory testing 


Nonfunctional mass 


as needed 
a 


Functional mass 


Follow up 


1. Repeat imaging at 6, 12, 24 months (see text) 
2. Repeat functional work-up annually x 4 years (see text) 


Mass grows > 1 cm or 
positive repeat functional workup 


Figure 26.1 Algorithm for the work-up of incidentally detected adrenal lesions [1]. 
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[32, 33]. Therefore, when evaluating an adrenal 
lesion, it is imperative to inquire about a patient’s 
history of previous malignancies. Radiographically, 
these lesions appear similar to ACC as irregular, 
heterogeneous lesions. When metastatic disease 
is suspected, needle biopsy should be considered. 
Treatment depends on the primary tumor and 
ranges from systemic chemotherapy, surgical exci- 
sion, or palliative care. 


Summary: the incidentaloma 


A common dilemma faced by urologists is the work- 
up of the incidentaloma, defined as an adrenal lesion 
>1 cm detected incidentally on radiographic studies. 
These lesions require complete radiographic and func- 
tional assessment as detailed in Table 26.5. Typically, 
functional lesions and lesions >4 cm should under- 
go surgical excision. Those managed conservatively 
should be followed with serial imaging to assess for 
interval growth. Tumor growth >1 cm in 6-12 months 
has been suggested as a relative indication for surgical 
intervention [1]. 


WHAT TO AVOID 


e Do not operate on an adrenal lesion without a full bio- 
chemical work-up. 

e Do not initiate B-blockade prior to a-blockade in pa- 
tients with a pheochromocytoma. 

e Do not wait for diagnostic testing when a patient has 
suspected acute adrenal insufficiency. These patients 
should be emergently treated with steroids. 


KEY WEB LINK 
http://www.nejm.org/doi/full/10.1056/NEJMcp065470 


Multiple choice questions 


1 What is the diagnostic test of choice for Cushing’s 
syndrome? 

a Low-dose dexamethasone suppression test 

b High-dose dexamethasone suppression test 

c CT scan of abdomen/pelvis 

d Late-night salivary cortisol 
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2 The initial treatment of acute adrenal insufficiency 
includes: 

Aggressive hydration 

Dexamethasone 4 mg IV 

Cortisol stimulation test 

All of the above 

a and b only 


oan Tf 


3 All of the following are forms of hereditary pheo- 
chromocytoma except: 

a Von Hippel-Lindau syndrome 

b Tuberous sclerosis 

c Neurofibromatosis I 

d MEN 2A 


4 What medication has proven beneficial in the adju- 
vant setting after adrenalectomy for adrenal cortical 
carcinoma? 

a Mitotane 

b Ketoconazole 

c Aminoglutethimide 

d Steroids 


5 What CT scan feature is most consistent with an 
adrenal adenoma? 

Size >6 cm 

b Heterogeneous enhancement 

c Rapid wash-out of contrast on delayed images 
d Macroscopic fat 


Es) 
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KEY POINTS 


e Most common cancer in men—15-35 years old. 

Majority arises from the germ cells—seminoma 

or NSGCT. 

Undescended testicle, personal or family (first-degree 

relatives) history of testicular cancer, Klinefelter syndrome, 

and infertility are risk factors. 

e Most common presentation is a painless lump or swelling 
in either testicle. 


Initial investigations—US, tumor markers, inguinal 

exploration, CXR, CT. 

Prognostic factors—stage, type, tumor markers, size and 

number of retroperitoneal lymph nodes. 

e Treatment is based on prognostic factors above, and 
includes surveillance, RT, RPLND, and chemotherapy. 

e Treatment for testicular cancer can cause infertility. Sperm 

banking should be discussed. 


CASE STUDY 1 


A 27-year-old man presents with a feeling of heaviness 
in his left testis for the past 6 months. Physical examin- 
ation reveals enlargement of the left testis, while the right 
testis appears normal. There is a palpable left inguinal 
lymph node. An ultrasound reveals a 4 cm solid mass 
within the left testis. Laboratory tests revealed a serum 
B-hCG of 5 IU/L and o-fetoprotein of 2 ng/mL. The left 
testis is removed with an inguinal incision and with gross 


examination on sectioning reveals a firm, lobulated light 
tan mass without hemorrhage or necrosis. He receives 
radiation therapy. 

The most common pure form of testicular cancer is 
seminoma, which is radiosensitive. The tumor markers are 
not markedly elevated. This form of testicular carcinoma 
has the best prognosis overall, when not mixed with other 
elements 


CASE STUDY 2 


A 35-year-old man goes to his physician for a routine exami- 
nation. On physical examination there is a left inguinal mass. 
The right testis is palpated in the scrotum and is of normal 
size, but a left testis cannot be palpated in the scrotum. An 
ultrasound scan shows that there is an inguinal mass. 


An undescended testis that is not treated in early child- 
hood no longer functions and presents a risk for subse- 
quent development of seminoma. 
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Epidemiology 


Testicular cancer accounts for 1-2% of all solid tu- 
mors in men with an incidence of 3-10/100,000 men 
per year [1]. Worldwide, the incidence has doubled in 
the last 40 years, with Scandinavian countries hav- 
ing the highest incidence [2]. In the United States, 
rates are fivefold greater among whites than blacks 
[3]. Bilateral tumors occur in 2-5%, synchronous 
(1-2%) or metachronous [4]. Right-sided tumors are 
more common. Testicular cancer is associated with 
cryptorchidism, which can be found in 7-10% of cas- 
es. Orchidopexy prior to puberty decreases relative 
risk from 4-5 to 2-3 [5]. Personal or family (among 


Table 27.1 Key features of germ cell tumors 


1 Seminoma 
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first-degree relatives) history of testicular tumors, 
Klinefelter syndrome, ITGCN (risk of GCT 50% and 
70% at 5 and 7 years, respectively), infertility, testicu- 
lar trauma, testicular microlithiasis, exogenous estro- 
gens, and mumps orchitis are risk factors [6]. 


Biology and pathological classification 


Testicular tumors are divided according to the tissue 
of origin: 

e Germ cell tumors (Table 27.1) 

e Sex cord/gonadal stromal tumors 

e Miscellaneous nonspecific stromal tumors 


a Classic e Most common testicular cancer (60% of all testicular tumors) 


b Spermatocytic seminoma e <1% of GCTs 
e Benign 


Peak incidence: 35-39 years 


Arise from ITGCN—considered as a common precursor for NSGCT subtypes (5) 


e Does not arise from ITGCN and/or as part of mixed GCTs 
e No association with cryptorchidism 
e Does not express PLAP or i(12p) 


e Almost always cured with orchiectomy 


2 NSGCT 
a Embryonal cell (EC) e Aggressive 


carcinoma 


High rates of metastasis 
Most undifferentiated type 


e Can differentiate into other NSGCT 


relapse 


Presence and proportion of EC—independent risk factor for occult metastasis and 


b Yolk-sac tumor e Pure form (endodermal sinus tumors) rare in adults 


e Most common testicular tumor in children and infants 


e Schiller-Duval body seen 


e Produce AFP (no hCG) 


c Choriocarcinoma e Composed of syncytiotrophoblasts (produce hCG) and cytotrophoblasts 


e Aggressive/hematogenous spread 


e Disseminated disease at presentation with elevated serum hCG levels 


e Prone to hemorrhage 


d Teratoma e Well (mature teratoma) to incompletely differentiated (immature teratoma) elements 


of at least two of the three germ cell layers 


e Normal tumor markers 


e Tumors with more than one histological type 


Resistant to chemotherapy 


Pure teratoma rare in adults but common in children 
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Relative risk of germ cell cancer for the sons of af- 
fected fathers is 4, and for brothers 8-10 [7]. Isochro- 
mosome 12p (i(12p)) is present in 70% of GCT and 
66% have p53 abnormalities. 

ITGCN consists of undifferentiated germ cells. It 
is a precursor lesion for GCT (except spermatocytic 
seminoma) and has 50% risk of developing an inva- 
sive GCT within 5 years [8]. Treatment options are 
radical orchiectomy and low-dose (20 Gy) radiation 
therapy. 

Testicular tumors metastasize mostly to retroperi- 
toneal lymph nodes (RPLN), lungs, mediastinum, and 
abdominal viscera. The landing zones (initial metas- 
tasis) differ between right and left. For the right, it 
is the interaortocaval, precaval, and preaortic nodes; 
for the left, they are the para-aortic, preaortic, and 
interaortocaval nodes. Tumor cells disseminate from 
the right to the left side. This serves as the basis of the 
templates for retroperitoneal lymph node dissection 
(RPLND). 

Due to the impact of therapy for testicular cancer 
on fertility, men planning future paternity should 
undergo sperm cryopreservation before treatment is 
initiated. 


Diagnosis and staging 


The most common presentation is a palpable testicu- 
lar mass (50-60%). Pain is the first symptom in about 
20% of patients (10% present as epididymo-orchitis). 
Other presentations are dull ache at the affected testi- 
cle (30-40%), acute testicular pain (10-20%), symp- 
toms of metastases: neck mass, cough, abdominal 
pain, diarrhea, back pain (10%), or gynecomastia 
(5%) [9]. 

Initial evaluation consists of scrotal ultrasound 
with a sensitivity around 100% (mandatory in 
initial workup) [10]. Serum tumor makers play an 
important role in diagnosis and follow-up as 70% 
of all patients with testicular cancer and 90% of 
all patients with nonseminoma have at least one of 
these markers elevated [11]. Post-orchiectomy, the 
levels normalize commensurate with serum half-life 
(t12). If consistently elevated, metastatic or residual 
disease has to be suspected [12]. Human chorionic 
gonadotropin (B-hCG) is produced by syncytio- 
trophoblast cells with a half-life of 24-36 hours. 
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It is elevated in 40-60% of patients with NSGCT 
and up to 30% seminomas. a-fetoprotein (AFP) is 
produced by yolk sac cells and is raised in 50-70% 
NSGCT [13]. Its half-life is 5-7 days. It is never pro- 
duced by pure seminoma or choriocarcinoma and 
can be elevated in children <1 year of age. Lactate 
dehydrogenase (LDH) is a nonspecific marker with 
levels proportional to tumor volume. It is elevated 
in up to 60% of patients with advanced testicular 
cancer. Placental alkaline phosphatase (PLAP) cor- 
relates with tumor burden and is elevated in pure 
seminoma [14]. 

Inguinal exploration and radical orchiectomy is 
the initial step in the management of testicular tu- 
mors [15]. Transscrotal orchiectomy or biopsy is 
contraindicated because it leaves the inguinal sper- 
matic cord intact and alters the lymphatic drainage 
of the testis, increasing the risk of local recurrence 
and pelvic or inguinal lymph node metastasis. Radi- 
cal orchiectomy must be performed for local tumor 
control, histological confirmation of the diagnosis, 
and determination of the local extension for staging 
purposes. The basic principle is high ligation of the 
spermatic cord at the level of the internal ring as the 
first step. Biopsy of the contralateral testis should be 
considered if intratesticular abnormalities are seen 
on ultrasound, in the presence of an undescended 
testis, or in patients with marked testicular atrophy 
[16]. For solitary testicle or bilateral tumors, par- 
tial orchiectomy can be performed if tumor volume 
is <30% of the testis. Close follow-up is mandatory 
[17]. In patients with rapidly increasing B-hCG and 
symptoms of disseminated disease with a testicular 
mass, chemotherapy can be initiated immediately 
without waiting for a biopsy diagnosis. For clinical 
staging, mandatory workup includes abdominopel- 
vic computed tomography (CT), liver function tests, 
and chest radiographs as initial staging studies (chest 
CT if elevated post-orchiectomy serum tumor mark- 
ers, metastatic disease by physical examination or 
abdominopelvic CT, abnormal chest X-ray, lympho- 
vascular invasion) [18]. 

Staging: TNM staging system (Table 27.2) and 
Stage grouping for testicular tumors [19] (Table 27.3) 

For metastatic germ cell cancer the International 
Germ Cell Consensus Classification (IGCCCG) 
has been proposed as a prognostic-based staging 
system [20]. 
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Table 27.2 TNM staging system 


pT Primary tumor 

pTX Primary tumor cannot be assessed 

pTO No evidence of primary tumor (e.g., histological scar in testis) 

pTis Intratubular germ cell neoplasia (testicular intraepithelial neoplasia) 

pT1 Tumor limited to testis and epididymis without vascular/lymphatic invasion: tumor may invade tunica albuginea but 
not tunica vaginalis 

pT2 Tumor limited to testis and epididymis with vascular/lymphatic invasion, or tumor extending through tunica albuginea 
with involvement of tunica vaginalis 

pT3 Tumor invades spermatic cord with or without vascular/lymphatic invasion 

p14 Tumor invades scrotum with or without vascular/lymphatic invasion 


N Regional lymph nodes clinical 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis with a lymph node mass 2 cm or less in greatest dimension or multiple lymph nodes, none >2 cm in greatest 
dimension 

N2 Metastasis with a lymph node mass >2 cm but not more than 5 cm in greatest dimension, or multiple lymph nodes, any 
one mass >2 cm but not >5 cm in greatest dimension 


N3 Metastasis with a lymph node mass >5 cm in greatest dimension 


N Pathological 

pNX Regional lymph nodes cannot be assessed 

pNO No regional lymph node metastasis 

pN1 Metastasis with a lymph node mass 2 cm or less in greatest dimension and five or fewer positive nodes, none >2 cm in 
greatest dimension 

pN2 Metastasis with a lymph node mass >2 cm but not >5 cm in greatest dimension; or more than five nodes positive, none 
>5 cm; or evidence or extranodal extension of tumor 


pN3 Metastasis with a lymph node mass >5 cm in greatest dimension 


M Distant metastasis 

MX Distant metastasis cannot be assessed 
MO No distant metastasis 

M1 Distant metastasis 

Mila Nonregional lymph node(s) or lung 
M1b Other sites 


S Serum tumor markers 

Sx Serum marker studies not available or not performed 
SO Serum marker study levels within normal limits 
LDH (U/l) hCG (mIU/mL) AFP (ng/mL) 

S1 <1.5 x N <5000 <1000 

S2 1.5-10 x N 5000-50,000 1000-10,000 

S3 >10 x N >50,000 >10,000 

N indicates upper limit of normal for LDH assay. 
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Table 27.3 Stage grouping for testicular tumors 


Stage Description 


Stage I 


Confined to the testicle, spermatic cord, or scrotum, with or without vascular invasion. 


Stage IIA Lymph node mass <2 cm, or multiple lymph node masses all <2 cm. 

Stage IIB Lymph node mass >2 cm and <5 cm, or multiple lymph node masses with any one mass >2 cm and <5 cm. 
Stage IIC Lymph node mass >5 cm. 

Stage III Nonregional nodal, pulmonary, or visceral metastases. 


Treatment and prognosis of germ cell 
testicular tumors 


Radical orchiectomy is the initial diagnostic and ther- 
apeutic step. Treatment after orchiectomy depends 
upon: (1) tumor stage and (2) histology. 


Treatment for seminoma 


Clinical stage (CS) I: Disease-specific survival for 
stage I disease is 99% irrespective of the management 
strategy [21]. Options are primary radiotherapy (RT), 
surveillance, or single-agent chemotherapy. 

Primary radiotherapy (25-35 Gy in 15-20 daily 
fractions) to retroperitoneum + ipsilateral pelvis (dog- 
leg configuration) with in-field recurrence <1%. There 
is no need for surveillance abdominopelvic CT but it 
has a risk for secondary malignancy. 

Surveillance has the risk of limited utility of serum 
tumor markers to detect relapse. There is a need for 
long-term surveillance CT. Tumor >4 cm, invasion of 
the rete testis, and proliferation rate >70% are sig- 
nificant predictors of relapse. Long-term follow-up is 
mandatory (higher incidence of relapse after 5 years 
compared with NSGCT). 

Primary chemotherapy with single agent (1-2 cycles 
of carboplatin) has a response rate of approximately 
90%. 

Surveillance is the preferred approach (low overall 
risk of relapse, no validated markers, and late toxicity 
with radiotherapy and carboplatin). In noncompliant 
patients or those unwilling to accept surveillance, RT 
is recommended (long-term efficacy and simplified 
follow-up). 

Strict follow-up is needed (risk of recurrence is 
highest in the first 2 years) [22]. 

CS Ila/IIb: Treatment options include RT to para- 
aortic and ipsilateral iliac lymph nodes (30-36 Gy). 
Advantages are that routine surveillance CT is not 
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necessary. Relapse rates are moderate (5-6% for 
stage IIA) and overall survival is almost 100% [23]. 
Induction chemotherapy (BEPx3 or EPx4) is given if 
bulky RPLN (>3 cm) and/or multiple retroperitoneal 
masses are present [24] (BEP = Bleomycin/etoposide/ 
cisplatin; EP = Etoposide/cisplatin). 

CS Iic/Ill: Treatment options include induction 
chemotherapy with low-risk patients receiving BEPx3 
or EPx4 and intermediate-risk patients receiving 
BEPx4. 

Residual masses after chemotherapy are seen in 
58-80%. Spontaneous resolution occurs in 50-60% 
(at 13-18 months). If resected, histology is necrosis 
(90%) or viable malignancy (10%). Surgery is diffi- 
cult due to the desmoplastic reaction after chemother- 
apy. FDG-PET scan has a high positive and negative 
predictive value for active disease in residual masses 
after chemotherapy, and should be done at 6 weeks 
after completion of chemotherapy to decrease false- 
positive results [25]. While residual masses <3 cm, 
normal markers and PET-negative masses >3 cm qual- 
ify for observation, residual mass >3 cm and PET-pos- 
itive masses should undergo surgical resection [26]. 
If tumor markers are elevated, the patient should be 
treated as harboring NSGCT. 

Patients who have a relapsing seminoma need fur- 
ther treatment. Chemo-naive relapses need first-line 
chemotherapy. While patients having early relapse 
(within 2 years) after chemotherapy are given second- 
line chemotherapy, late relapse (after 2 years) are 
treated with cisplatin-based chemotherapy. 


Treatment for NSGCT 


Treatment after orchiectomy includes surveillance, 
RPLND, or chemotherapy depending upon the clini- 
cal stage 

CS I: The cure rate of surveillance, RPLND, or 
chemotherapy exceeds 95%. Predominant risk factors 


for occult metastasis in this group of patients are lym- 
phovascular invasion and predominant embryonal 
carcinoma component [27]. 

Advantage of surveillance is that orchiectomy 
alone cures 70-80% patients and relapsing pa- 
tients can be salvaged thus avoiding the morbid- 
ity of RPLND or chemotherapy. Disadvantages are 
high risk of relapse, long-term (>5 yrs) surveillance, 
secondary malignant neoplasms due to intensive 
surveillance CT, and intensive therapy to treat re- 
lapse. If relapse occurs and it is >3 cm RP mass with 
raised markers and distant metastasis, chemotherapy 
should be given. If it is <3 cm with normal markers 
and no distant metastasis, RPLND is the treatment 
of choice. 

Proponents of RPLND say that the retroperito- 
neum is the most common site of occult metastasis 
with 15-25% incidence of retroperitoneal teratoma 
(resistant to chemotherapy). There is a low risk of 
abdominopelvic recurrence following RPLND. As a 
monotherapy, it has lower long- and short-term mor- 
bidity with high salvage rates by chemotherapy in pa- 
tients having relapse. If lymph nodes are positive, two 
cycles of BEP should be given. 

Chemotherapy (BEPx2) offers the greatest chance 
of being relapse free with any single modality and 
can be delivered at community-based hospital. It 
does not treat teratoma and requires long-term sur- 
veillance with CT. Toxicity of these agents needs spe- 
cial care. It can be concluded that in patients with 
low-risk disease, surveillance should be offered and 
in high-risk disease, surveillance, RPLND, or prima- 
ry chemotherapy are options and treatment should 
be individualized. 

CS IS: These patients have elevated post- 
orchiectomy serum tumor markers without clinical 
or radiographic evidence of metastatic disease and 
are treated with induction chemotherapy (BEPx3/ 
EPx4) [28]. 

CS Ila/IIb: Treatment options for these patients 
are RPLND and chemotherapy [29]. With RPLND, 
chemotherapy is avoided in patients with negative 
lymph nodes. Around 30% of these patients have 
retroperitoneal teratoma, which are resistant to 
chemotherapy and RPLND provides them a cure. 
Long-term cancer-specific survival is 98-100% 
with RPLND + adjuvant chemotherapy. Addi- 
tional chemotherapy is required in >50% patients 
and 13-15% have persistence of disease and need 
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full induction chemotherapy. If lymph nodes are 
positive on resection, two cycles of BEP should be 
given. 

With chemotherapy (BEPx3/EPx4), 60-78% have 
a complete response and it is easily available. But it 
has its own toxicity. These patients if relapse, have 
chemorefractory GCT. 

For patients at risk for retroperitoneal teratoma 
and low risk for systemic disease (normal serum tu- 
mor markers, lymphadenopathy <3 cm), RPLND 
is a better option. In patients with elevated AFP or 
hCG or bulky lymph nodes (>3 cm), chemotherapy 
(BEPx3/EPx4) should be given [30]. 

CS IIc/Ill: These patients need induction chemo- 
therapy according to the risk (good risk—BEPx3/ 
EPx4; intermediate and poor risk—BEPx4). 

Post-chemotherapy residual masses have necro- 
sis, teratoma, and viable malignancy (+ teratoma) in 
40%, 45%, and 15% of cases, respectively. FDG-PET 
has no role in NSGCT post-chemotherapy residual 
masses. Residual mass >1 cm need surgical resection 
[31]. If residual masses are present at multiple sites, 
they need to be resected after RPLND. If viable mal- 
ignancy is revealed on histopathology, chemotherapy 
with 2 cycles of EP or TIP or VIP/VeIP is given (TIP— 
paclitaxel/ifosfamide/cisplatin, | VelP—vinblastine/ 
ifosfamide/cisplatin, | VIP—etoposide/ifosfamide/ 
cisplatin). 

Relapsing NSGCT: If chemotherapy naive, treat- 
ment is induction chemotherapy (BEPx3/EPx4). If 
it is an early (within 2 years) post-chemotherapy re- 
lapse, second-line chemotherapy (TIP4, VIP4, VeIP4) 
or high-dose chemotherapy is given and if it is a late 
relapse (after 2 years) salvage surgical resection is 
needed. 

RPLND is the standard approach to the surgical 
management of NSGCT in both the primary and 
the post-chemotherapy setting. A template dissec- 
tion or a nerve-sparing approach to minimize the 
risk of ejaculatory disorders should be performed. 
The “split and roll” technique minimizes the risk 
of an in-field recurrence. A full bilateral template 
RPLND should be performed in all patients under- 
going RPLND in the post-chemotherapy setting. 
Nerve dissection techniques spare the paraver- 
tebral sympathetic chains, post-ganglionic effer- 
ent sympathetic nerves, and hypogastric plexus, 
thereby preserving ejaculatory function in >95% of 
cases [32]. 
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Non-germ-cell testicular tumors 


A Sex cord/gonadal stromal tumors: Leydig cell tu- 
mors are most common and present as painless tes- 
ticular mass with precocious puberty in prepuber- 
tal boys (increased testosterone). Almost 90% are 
benign and cured with radical orchiectomy alone 
[13]. However, 10% are malignant, metastasize 
to the retroperitoneum, and need further RPLND. 
Sertoli cell tumors account for 1% of all testicular 
tumors [33]. These tumors are malignant and me- 
tastasize (usually in the retroperitoneal nodes thus 
needing RPLND) in 10%. Granulosa cell tumors 
are extremely rare, biologically similar to those in 
ovaries. They are predominantly benign and only 
rarely malignant. 


B Gonadoblastoma constitute 0.5% of all tes- 
ticular tumors. Usually seen in patients with go- 
nadal dysgenesis [13]. Phenotypic females with 
primary amenorrhea comprise 80% patients. It is 
mostly benign and treated with orchiectomy alone. 
Nearly half of these tumors are bilateral. Hence, 
removal of the contralateral gonad is recommend- 
ed. Around 50% develop invasive GCT (usually 
seminoma). 


C Carcinoid of the testis is very rare, identical to 
gastrointestinal carcinoid. They usually present as a 
painless testicular mass without the typical carcinoid 
prodrome. Radical orchiectomy alone is usually cura- 
tive. Metastasis is seen in 10% [34]. 


D Epidermoid cyst occur in the second decade and 
are uniformly benign [13]. Ultrasonography shows a 
well-circumscribed lesion with a hyperechoic central 
core. Surgical resection alone is curative. 


E Adenocarcinoma of the rete testis is rare and highly 
malignant with 54% of patients having metastases at 
the time of diagnosis, and cancer-specific survival at 
1 year <50%. Radical orchiectomy is indicated. The 
efficacy of adjuvant therapy (chemotherapy or radi- 
ation) is unproven [35]. 


F Testicular lymphoma present as a painless, dif- 
fuse testicular enlargement with constitutional 
symptoms seen in 25% of patients. Non-Hodgkin 
lymphoma is the most frequent testicular tumor in 
men >50 years old [13]. Initial treatment is with 
radical orchiectomy to obtain a tissue diagnosis. 
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Subsequent treatment is with combination chemo- 
therapy + radiation [36]. 


G Metastasis in the testis are rare, primarily from 
prostate, lung, gastrointestinal tract, melanoma, and 
kidney [13]. 


Extratesticular tumors 


They are tumors originating from the epididymis, 
spermatic cord, or testicular tunicae and usually 
present as a painless scrotal mass. Adenomatoid 
tumor is the most common type of paratesticular 
tumor with peak incidence in the fourth decade 
of life [37]. They are usually benign and surgical 
excision is curative [37]. Rhabdomyosarcoma are 
primarily seen in children and adolescents (80% 
occurring in patients <21 years old) [37]. Initial 
treatment is radical orchiectomy, followed by sys- 
temic chemotherapy. Overall 5-year disease-specif- 
ic survival is 58-80% [37]. Mesothelioma present 
as a painless, firm scrotal mass with a hydrocele 
with peak incidence at 55-75 years. It is associ- 
ated with asbestos exposure. Treatment is radical 
orchiectomy. These are aggressive with nearly 50% 
of patients developing metastatic disease or local 
recurrence. Disease-specific survival is 60% [37]. 
Cystadenoma originates from the epididymis and 
are usually benign. They are strongly associated 
with von Hippel—Lindau disease [37]. Surgical ex- 
cision is curative. 


WHAT TO AVOID (COMMON ERRORS IN DIAGNOSIS 

AND TREATMENT) 

e Delay in diagnosis due to hesitation of the patient to 
tell about an abnormality in testis. 

Strict follow-up as per guidelines in patients opting for 
surveillance. 

e Treatment-related secondary infertility. 


KEY WEB LINKS 


http://www.nccn.org/ 
http://www.campbellsurology.com/ 
http://urology.jhu.edu/ 


Multiple choice questions 


1 Which of the following statements is true regarding 
testicular tumors? 
a Are embryonal cell carcinomas in 95% of 
cases. 
b Bilateral in 2% cases. 
c Teratomas are more common than seminomas. 
d Usually present after 50 years of age. 


2 All of the following are true about GCTs of testis 
except: 
a GCTs are divided into seminomatous and 
nonseminomatous subtypes. 
b Nonseminomatous subtypes are most common 
in the third decade of life. 
c Seminomatous subtypes are most common in 
the fourth decade of life. 
d Seminomas represent about 20% of all GCTs. 


3 All of the following are true about seminomatous 
type of GCTs except: 

a They are more common in the fourth 
decade. 

b Constitute about 50% of all GCTs and 70% 
of patients present with stage I disease. 

c Seminomas have an indolent course. 

d Chemotherapy is the treatment of choice in 
patients with stage I disease and stage II 
disease where the nodes are <5 cm in 
maximum diameter. 


4 What is the major long-term effect of standard 
(modified bilateral) RPLND operation? 

a Retrograde ejaculation and infertility 

b Urinary incontinence 

c Fecal incontinence 

d Lymphedema of leg 
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Obstructing congenital anomalies 
of the urinary tract 
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KEY POINTS 

e Obstructing anomalies often present with prenatal e Cystoscopy is used to characterize ureteroceles 
hydronephrosis, pain, urinary tract infections (UTIs), and to diagnose and treat posterior urethral valves 
nausea/vomiting, hematuria, or nephrolithiasis. (PUVs). 

e Lower tract anomalies may present with voiding e PUVs require immediate intervention. In the absence 
complaints. of infection or negative impact on renal function, other 

e Ultrasound, voiding cystourethrogram (VCUG), and diuretic pathologies may be observed. 


renography are commonly employed diagnostic tests. 


CASE STUDY 


A 5-year-old boy presents to the emergency room with 
flank pain and microscopic hematuria after a fall from 
a chair. CT scan (Figure 28.1) revealed marked right 
hydronephrosis with parenchymal thinning, consistent 
with ureteropelvic junction obstruction and adjacent 
fluid, likely representing a small urine leak. His mother 
remembered he had prenatal hydronephrosis, but this 
had resolved on postnatal ultrasound the day of de- 
livery. Recently, he had started experiencing intermit- 
tent nausea, vomiting, and flank pain. After admission 
to the hospital, his posttraumatic pain persisted and a 
nephrostomy tube was placed. The patient underwent 
uncomplicated open pyeloplasty 2 weeks after nephros- 
tomy tube placement. 


Figure 28.1 Incidentally noted right hydronephrosis on 
CT scan for abdominal pain and microscopic hematuria 
following minor trauma. 
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Epidemiology 


Ureteropelvic junction (UPJ) obstruction is the most 
common cause of prenatal upper tract dilatation. It 
is more common in boys than girls. It occurs more 
frequently in the left kidney and may be bilateral in 
10-40% of patients [1]. 


Etiology 


UPJ obstruction is caused by intrinsic obstruction or 
extrinsic compression. With intrinsic obstruction, there 
is typically no stricture, but rather widely separated 
muscle fibers that do not contract well enough to ena- 
ble renal drainage. Valvular mucosal folds, polyps, and 
fetal convolutions have also been described [1]. 

Extrinsic compression, more common in older 
patients, is typically caused by a crossing vessel. 
Inflammation from the vessel may lead to kinking and 
stenosis, exacerbating the obstruction [1]. 

Severe vesicoureteral reflux (VUR) with torturous 
ureters may lead to secondary obstruction [1]. 


Presentation 


UPJ obstruction may present as prenatal hydrone- 
phrosis, abdominal mass, vomiting, pain, urinary tract 
infection (UTI), or hematuria (Figure 28.2) [1, 2]. 
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Ultrasound of ureterocele. 
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Presence of associated anomalies may also warrant 
UPJ evaluation, including contralateral UPJ obstruc- 
tion, renal dysplasia, multicystic kidney, renal agen- 
esis, duplicated collecting systems, fused kidneys, 
ectopic kidneys, VUR, and VATER syndrome [1]. 


Diagnosis 


Ultrasound is used to confirm prenatally diagnosed 
hydronephrosis and follow patients managed con- 
servatively [3]. 

Voiding cystourethrogram (VCUG) rules out other 
causes of hydronephrosis or concomitant anoma- 
lies, such as VUR, ureteroceles, or posterior urethral 
valves (PUVs) [4]. 

Diuretic renography diagnoses obstruction and 
evaluates differential renal function. It may be 
repeated for worsening or unchanged hydronephrosis 
on interval ultrasounds [3]. 

The invasive Whitaker test measures the pressure 
gradient between the renal pelvis and the bladder and 
may help diagnose obstruction if diuretic renography 
is inconclusive [4]. 

In the future, urinary biomarkers may predict 
obstruction that requires intervention. Transform- 
ing growth factor B1, N-acetyl-B-p-glucosaminidase, 
monocyte chemotactic peptide-1, and endothe- 
lin-1 are increased, and epidermal growth factor is 
decreased [5]. 
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Prognosis 


Hydronephrosis usually stabilizes or spontaneously 
improves [3, 6], with early intervention required for 
15-20% of patients [5]. Patients with severe hydro- 
nephrosis (SFU grade 4) [6] or a prenatal renal pel- 
vis diameter >20 mm are more likely to require 
pyeloplasty [7]. 


Management 


Options include observation, pyeloplasty, ureterocali- 
costomy, and endopyelotomy. 

Conservative management with interval renal ultra- 
sounds and diuretic renography is safe [6], but relies 
upon standardized grading of hydronephrosis and 
parental compliance [3]. 

Early pyeloplasty is recommended for no drain- 
age or reduced differential renal function on diu- 
retic renography [6]. Other indications include 
reduction in function by greater than 5%, differ- 
ential function less than 40%, pain, recurrent pye- 
lonephritis, massive hydronephrosis, and poorly 
compliant family [5]. 

Dismembered pyeloplasties may be performed via 
flank, dorsal lumbotomy, or laparoscopic approaches 
with no difference in outcome [8]. Advocates of the 
open technique claim shorter operating time [8] and 
the option of reducing the renal pelvis [1]. The same 
complication and success rates have been reported 
in children at all ages treated laparoscopically [9]. 
The length of stay and narcotic requirements may 
be decreased in children aged 10 years and older 
[10]. Shorter length of stay [8, 11] may translate to 
decreased expense of parental lost wages and hospi- 
talization [11]. 

Nondismembered pyeloplasty is safe and effective, 
both via open and laparoscopic approaches [12]. 
Options include Foley Y-V plasty, intubated ureter- 
otomy, and spiral and vertical flaps [1]. 

Ureterocalicostomy can be performed via open or 
robot-assisted laparoscopic approach safely. It may 
be indicated if there is significant intraparenchymal 
dilatation with little redundancy in the renal pelvis or 
after failed pyeloplasty [13]. 

Endopyelotomy is safe after failed pyeloplasty, but 
is less effective than reoperative pyeloplasty [14]. 

Judicious use of internalized or externalized stents 
or nephrostomy tubes is recommended after UPJ 
correction [1, 15, 16]. 


Ureterocele 
Terminology 


Intravesical ureteroceles are within the bladder with 
an orifice above the bladder neck. The orifice of an 
extravesical ureterocele is below the bladder neck. A 
cecoureterocele has an orifice above the bladder neck, 
but prolapses out of the bladder [17]. 


Etiology 


Theories of ureterocele development include rostral 
ureteral budding [18], ureteral maturation defect [18], 
or failure of Chwalle’s membrane to rupture at the 
ureteral orifice [17]. In duplex systems, they are 
associated with the upper pole [17]. 


Presentation 


Ureteroceles are detected on prenatal ultrasound. 
After birth, they may present with infection, inconti- 
nence, pain, prolapse [17], or urinary retention [19]. 


Diagnosis 


On physical examination, ureteroceles may be vis- 
ibly prolapsed. A palpable kidney may also suggest 
its presence [17]. 

On ultrasound (Figure 28.2), ureteroceles appear as 
thin-walled cystic structures within the bladder [17]. The 
bladder thickness, trabeculations, capacity, and residual 
help assess bladder function [17]. There may be hydro- 
ureteronephrosis, a duplicated collecting system with 
upper pole dilatation and parenchymal thinning [17] 

VCUG delineates anatomy of the ureter and blad- 
der and assesses for concomitant reflux [17]. 

MRI is useful for cases with subtle findings or dis- 
torted anatomy [17]. 

Diuretic renography assesses function and obstruc- 
tion [17]. 

Intravenous pyelogram (IVP) may help delineate 
anatomy if little upper pole dilatation [17]. 

At cystoscopy, note the ureterocele position relative 
to urethra, bladder neck, and other orifices [17]. 


Management 


The goals of therapy are to preserve renal function, pre- 
vent and remedy infection, obstruction and reflux, and to 
preserve continence [17]. Options include observation, 
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endoscopic therapy, heminephrectomy/nephrectomy, 
ureteroureterostomy, and bladder reconstruction. 

Observation is limited to patients without infec- 
tions, with either no obstruction or minimal function, 
and limited or no VUR [17]. 

Two techniques have been described for endoscopic 
ablation. With incision, a single incision is made through 
the intravesical ureterocele with a Collins knife, electro- 
cautery hook, Bugbee, or laser. Success rates of ureterocele 
and hydronephrosis decompression approach 90%, but 
75% of patients develop VUR [20]. With the watering can 
puncture technique, a laser is used to poke 10-20 holes in 
the ureterocele. It successfully decompresses over 90% of 
ureteroceles and 82% of hydronephrosis, while only cre- 
ating VUR in 36% [20]. When postincisional reflux does 
occur, it may be in the ipsilateral upper or lower pole, or 
contralateral kidney. As it will resolve spontaneously in 
most patients, initial therapy should be close surveillance 
rather than surgical correction [21]. 

If there is no function of the kidney or upper pole, 
nephrectomy or heminephrectomy may be con- 
sidered. Endoscopic incision or bladder reconstruc- 
tion is typically also required to prevent recurrent 
infections [22]. Open, laparoscopic, or robot-assisted 
approaches are described. The goal is preservation of 
the lower unit, regression of ureterocele/reflux, and 
reduction in incidence of infections [23]. 

To avoid upper tract surgery in a duplex system 
with a nonrefluxing lower pole, ureteroureterostomy 
is an option. This can be performed through flank, 
Gibson, Pfannenstiel, or inguinal herniorrhaphy-type 
incisions [24]. One caution is the potential “yo-yo” 
effect of urine refluxing up to the upper pole and cre- 
ating urinary stasis [17]. 

Bladder reconstruction may be performed as a 
primary therapy or after endoscopic ablation. Most 
patients are continent and free of lower urinary tract 
symptoms [25]. Surgical options include excision or 
marsupialization of the ureterocele, recreation of the 
bladder floor, and reimplantation [17, 26]. 


Megaureter 
Definition 


The normal ureteral diameter is <5 mm, with diameter 
>7 mm considered a megaureter [1]. There are four 
classifications: nonobstructed/nonrefluxing, obstructed, 
refluxing, and obstructed and refluxing [27]. 
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Epidemiology 


Nonrefluxing megaureters are responsible for 
roughly 25% of prenatal upper tract dilatation, with 
nonobstructed/nonrefluxing the most common vari- 
ant. They are more common in males, and the left 
ureter is affected more often than the right [27]. 


Presentation 


Many patients are referred with prenatal hydrouretero- 
nephrosis. After birth, common presentations are febrile 
UTI and urolithiasis [27]. Associated findings include 
renal agenesis/dysplasia [27] and megacalyces [28]. 


Etiology 


An obstructed megaureter is caused by an aperistaltic 
segment between 0.5 and 4 cm long that cannot ade- 
quately transport urine [27]. The cause is not com- 
pletely understood, but it is likely a distal ureter mat- 
uration defect [18]. Molecular factors may include 
transforming growth factor B1 [27] or leukocyte anti- 
gen-related family protein tyrosine phosphatases [29]. 
It likely involves inappropriate collagen deposition or 
arrangement of smooth muscle cells [27]. 


Diagnosis 


Ultrasound reveals hydroureteronephrosis and is use- 
ful in follow-up [27]. 

VCUG distinguishes between refluxing and nonre- 
fluxing megaureters [27]. 

Diuretic renography delineates differential function 
and can diagnose obstruction. The drainage curve 
should include the ureter to avoid false negatives. 
It should also account for the degree of dilation, as 
massive dilation may give false positives [27]. 

The invasive Whitaker test compares pressure in 
renal pelvis to that of bladder, with pressure >22 cm 
H20 considered diagnostic of obstruction [27]. 


Management 


Management options include observation, temporizing 
procedures, and reimplantation. Most patients can be 
managed conservatively with prophylactic antibiotics and 
interval imaging, and will remain stable or improve spon- 
taneous [27, 30, 31]. Surgical indications include recur- 
rent febrile UTIs, hematuria, pain, or worsening function 
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[27, 32]. Children with more severe hydroureteronephro- 
sis, longer time to resolution, or unequal differential func- 
tion are more likely to undergo surgery [31, 32]. Gender 
and laterality do not influence spontaneous resolution 
[32]. Some patients may require temporizing measures 
that enable drainage while allowing ureteral maturation 
to complete [27]. Such options include cutaneous ureter- 
ostomy [27] and endoscopic or open stent placement [27, 
30, 33]. Balloon dilation with postprocedural stent for 
6-8 weeks has also been described [34]. Reimplantation 
is the definitive treatment. The narrow, aperistaltic seg- 
ment of ureter is excised, and the ureter is reimplanted in 
a nonrefluxing fashion with a tunnel to ureteral diameter 
ratio of at least 5:1. If the diameter is >10 mm, the ureter 
may be tapered with excision or folding of the excess ure- 
ter. A psoas hitch can help create sufficient floor length 
for an adequate tunnel [27]. 


Prognosis 


Renal function is preserved in most patients; those 
with decreased renal function typically have dysplasia 
present at birth [31, 32]. 


Posterior urethral valves 
Epidemiology 


PUV only affects males and occurs in 1 in 8000 to 
25,000 live births. Its incidence is decreasing secon- 
dary to prenatal diagnosis and subsequent termin- 
ation of pregnancy [35]. 


Classification 


The traditional classification scheme describes three 
types of valves. Type 1 valves, representing 95% of 
valves, are two sails that connect in the area of the 
verumontanum, and extend and expand distally in the 
region of the bulbomembranous urethra. Type 2 valves 
are probably not true valves but rather a nonobstruc- 
tive fold between the verumontanum and the bladder 
neck that represents muscle hypertrophy. Type 3 valves 
comprise the remaining 5% and are a circumferential 
membrane lying distal to the verumontanum [35]. 


Pathophysiology 


PUVs are potentially caused by inappropriate incorpo- 
ration of mesonephric ducts into the cloaca [35]. The 


bladder struggles against obstruction and becomes 
hypertrophied secondary to increased storage and void- 
ing pressures. This leads to severe ureteral dilatation 
with poor coaptation and contraction, obstructive urop- 
athy, and renal dysplasia. If unilateral VUR develops, it 
may protect the opposite kidney from dysplasia [35]. 


Presentation 


Neonates present with prenatal hydroureteronephro- 
sis and bladder thickening, pulmonary hypoplasia, 
renal insufficiency, and ascites [35]. Older children 
present with febrile UTI or voiding complaints [36]. 


Diagnosis 


Ultrasound classically demonstrates hydrouretero- 
nephrosis, a distended bladder with wall thickening, 
and a dilated posterior urethra [35]. 

VCUG may reveal VUR, a trabeculated bladder, 
diverticulae, a high bladder neck, and a dilated pos- 
terior urethra. Often the valves are visualized [35]. 

Diuretic renography is used to evaluate differential 
renal function and secondary obstruction [35]. 

Serum BUN and creatinine should be followed, remem- 
bering that initial values represent maternal levels [35]. 


Management 


Immediately place a catheter to ensure bladder 
drainage [35]. If the infant is too small for cysto- 
scopic instruments, consider vesicostomy. This may 
improve renal function relative to primary ablation 
[37]. If bladder-level drainage does not prevent 
infections or allow kidney drainage, upper tract 
diversion is warranted [35]. Definitive treatment is 
valve ablation. VCUG and cystourethroscopy are 
both used for follow-up to verify treatment suc- 
cess, although VCUG may miss residual valve leaf- 
lets [38]. Additionally, consider circumcision, as this 
reduces risk of UTI by over 80% [39]. If pyelone- 
phritis cannot be prevented and the bladder is ade- 
quately rehabilitated, some patients require ureteral 
reimplantation [35]. In patients who require renal 
transplantation, urologic complications, including 
urethral strictures, stones, and retention, are more 
common. Urodynamic evaluation is vital to deter- 
mine who must perform clean intermittent catheteri- 
zation or under augmentation cystoplasty [35]. 
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Antenatal interventions do not appear to improve 
renal outcomes [40]. Indicated if oligohydramnios is 
identified between 20 and 32 weeks gestation [35], 
options include vesicoamniotic shunts and fetal cys- 
toscopy [41]. Some studies suggest that prenatal blad- 
der drainage may improve survival [42]. 


Prognosis 


Up to 50% of patients will develop end-stage renal 
disease (ESRD) [35] in childhood or adulthood [43]. 
By the mid-30s, the risk of ESRD from valves starts to 
decrease [43]. Early diagnosis, in utero lung pathology, 
bilateral VUR, and recurrent childhood UTI increase 
the risk of ESRD [43]. For children without prena- 
tal hydronephrosis, severe preoperative or increasing 
hydronephrosis and bilateral VUR increase the ESRD 
risk [36]. Urinomas may be protective; boys with uri- 
nomas have lower nadir creatinine levels and are less 
likely to require renal replacement therapy [44]. 
Bladder dysfunction, with retention, weak stream, or 
double voiding, is seen in 40-60% of patients [45, 46]. 
Postnatal diagnosis and severe VUR increase the risk for 
bladder dysfunction [45]. Early valve ablation helps pro- 
tect bladder function [47]. Bladder dysfunction increases 
the risk for renal dysfunction [45]. Prepubertal incon- 
tinence was traditionally assumed to result from weak 
sphincter/bladder neck, but may be secondary to detru- 
sor instability, as most patients do achieve continence 
[46]. Bladder dysfunction may require intensive therapy, 
including urodynamics, anticholinergics, o-blockers, 
clean intermittent catheterization, timed voiding, and/or 
continuous nocturnal bladder drainage [35]. 


WHAT TO AVOID 


e Obtaining a postnatal ultrasound within 48 hours of 
birth, as transitory neonatal dehydration may mini- 
mize degree of hydronephrosis [4]. 

Rough handling of the ureter during surgical interven- 
tions. 

Overfilling the bladder during cystoscopic evaluation 
of ureteroceles, as it can compress the ureterocele, 
making it difficult to identify [17]. 

Inadequately draining endoscopically treated uretero- 
celes. 

Failing to account for degree of hydroureteronephro- 
sis when interpreting diuretic renography. 

Missing the diagnosis of PUV in older boys with per- 
sistent lower urinary tract symptoms. 
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KEY WEB LINKS 


SFU Grading of Hydronephrosis 
http://www.uab.edu/images/peduro/SFU/sfu_grading_ 
on_web/sfu_grading_on_web.htm 


Ureteropelvic Junction Obstruction AUA 
Foundation Information Page 
http://www.urologyhealth.org/urology/index. 
cfm ?article=43 


Ureterocele AUA Foundation Information Page 
http://www.urologyhealth.org/urology/index. 
cfm?article=42 


Megaureters AUA Foundation Information Page 
http://www.urologyhealth.org/urology/index. 
cfm ?article=3 


Posterior Urethral Valves 
http://www.puvs.org/ 


Multiple choice questions 


1 A 29-year-old P1G0000 female is referred to your 
clinic. On her 20-week prenatal ultrasound, her male 
fetus was found to have severe bilateral hydronephro- 
sis. You tell her that which of the following conditions 
is most likely to result in long-term sequelae and will 
require treatment? 

a UPJ 

b Ureterocele 

c VUR 

d PUVs 

e Primary obstructing megaureter 


2 You are following a 6-month-old baby boy with 
SFU grade 3 left hydronephrosis. Which of the follow- 
ing findings would make you consider pyeloplasty? 
a Ultrasound finding of stable hydronephrosis 
with preservation of cortical tissue 
b VCUG with no evidence of VUR 
MAG-3 with equivocal T% of 15 minutes 
d MAG-3 with prolonged Tıņ and differential 
function of left kidney 37% and right kidney 63% 
e IVP showing an enlarged left collecting system 
with prompt nephrogram and delayed drainage 


a 


3 You are referred a 3-month-old baby boy with bi- 
lateral hydroureteronephrosis to the level of the blad- 
der, negative VCUG, and equivocal MAG-3. What is 
your initial treatment plan? 

a Bilateral cutaneous ureterostomies 

b Bilateral tapered ureteral reimplants 
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c Interval imaging and prophylactic antibiotics 
d Interval imaging and no prophylactic antibiotics 
e Vesicostomy 
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Answers to multiple choice questions 


1 d Requires ablation of the valves at a minimum 
and may result in ESRD and bladder dysfunction. 

2 d A differential function <40% is an indication for 
surgery. 

3 c Children with congenital megaureters may be 
safely followed with prophylactic antibiotics and 
interval imaging. 
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KEY POINTS 


Sex-determining region of the Y chromosome 

(SRY) initiates a cascade of events that leads to the 
development of testicular tissue in the bipotential gonad 
in utero. 

The urogenital tract is identical in both sexes during the 
first 8 weeks of development. 

Congenital adrenal hyperplasia (CAH) accounts for the 
majority (60%) of disorders of sexual differentiation (DSD). 
Streaks and dysgenetic gonads associated with Y 
chromosome material are at increased risk of developing 


gonadoblastoma and should be prophylactically 
removed. 
e An individual diagnosed with hypospadias and 
cryptorchidism should be evaluated for possible disorders 
of sexual differentiation. 
Infants suspected of having hypospadias should not be 
circumcised at birth. 
e Individuals with undescended testes are at increased risk 
of infertility and germ cell tumors. 


Disorders of sexual differentiation 
Normal sexual development 


The developing fetus has bipotential gonads during 
the first 6 weeks of human development. Mascu- 
linization requires the presence of testis determin- 
ing factor (TDF) located on the sex-determining 
region of the Y chromosome (SRY). SRY subse- 
quently initiates a process that leads to testicular 
development from the primordial gonads. The 
testes then differentiate into Leydig cells, which 
produce testosterone, and Sertoli cells, which pro- 
duce Miillerian inhibition substance (MIS). MIS is 
responsible for the regression of the female ductal 
system. Testosterone acts in a paracrine fashion to 
develop the vas deferens, epididymis, and seminal 
vesicle. External genitalia begin to change in males 
during the eighth week of gestation from androgen 


activity. Testosterone is converted by 5a-reductase II 
to produce dihydrotestosterone (DHT). DHT leads 
to elongation of the genital tubercle, fusion of the 
urethral and labioscrotal folds, and development of 
the prostate from the urogenital sinus. In the absence 
of androgen activity, the internal ducts and external 
genitalia feminize (Figure 29.1) [1]. 


Presentation 


Disorders of sexual differentiation (DSD) often pre- 
sent with ambiguous genitalia during neonatal exami- 
nation. This can be considered undermasculinization 
of a male, virilization of a female, or abnormal devel- 
opment due to dysgenetic gonads. Common find- 
ings include clitoromegaly, phallus with nonpalpable 
gonads, female with palpable gonads, and hypospa- 
dias with cryptorchidism [2]. 
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2) Epididymi 
3) Seminal vesicles 


Figure 29.1 Normal sexual development. 


Evaluation and workup 


Careful history of the neonate’s family is important 
in suspecting and diagnosing DSD. Investigation of 
maternal exposures to androgens, family history of 
DSD, history of infertility, and prior infant deaths 
are important. Physical examination should include 
inspection of the phallus for hypospadias and urethral 
position; visualization of the labia/scrotum for rugae, 
palpable gonads, and fusion; and inspection assess- 
ment for hyperpigmentation. After the neonate is 
determined to be stable, serum electrolytes, hormone 
assays, and a karyotype should be obtained. Further 
evaluation should include a pelvic sonogram to iden- 
tify Miillerian structures and a urogenitogram. If fur- 
ther workup is required, anesthesia can be utilized for 
examination, endoscopy, and laparoscopy [3]. 


Female DSD 


Rarely, 46,XX DSD can arise from maternal expo- 
sure to androgens or virilizing tumors. The most 
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Yes No 
(normal male) (normal female) 


Wolfian ducts develop 


Ovaries develop 

e Wolfian ducts regress 

e Female externalia genitalia 
develop 

e Mullerian ducts develop into 
the: 

1) Fallopian tubes 

2) Uterus 

3) Cervix 

4) Proximal 2/3 of the vagina 


5a, reductase 


DHT 


Prostate 
Male external genitalia 


common cause of DSD is congenital adrenal hyper- 
plasia (CAH). CAH is caused by an autosomal reces- 
sive defect in one of the three enzymes responsible for 
cortisol synthesis. This leads to increased androgen 
production (Figure 29.2). Increased ACTH by way of 
feedback from decreased cortisol production can lead 
to hyperpigmentation. 

The most common type of CAH is 21-hydroxy- 
lase deficiency. A defect in this enzyme accounts for 
90-95% of CAH. The incidence is 1 in 50,000 live 
births. Most (50-70%) are so-called “salt wasters” 
due to impaired aldosterone production. Genital 
ambiguity varies in females. The neonate may pre- 
sent with vomiting, dehydration, failure to thrive, and 
adrenal crisis. Diagnosis is made by detection of ele- 
vated levels of 17-hydroxyprogesterone and proges- 
terone levels. Elevation of 17-hydroxyprogesterone 
can be detected prenatally. 

11B-Hydroxylase deficiency accounts for <5% of 
all CAH. Diagnosis is made by elevated levels of deox- 
ycortisol and deoxycorticosterone (DOC). DOC leads 
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to salt retention. Presentation may include hyperten- 
sion, hyperpigmentation, virilization of females, and 
precocious puberty in males. 

3B-Hydroxysteroid dehydrogenase deficiency 
accounts for only 1% of all cases of CAH. Diagnosis 
is made by elevated levels of 17-hydroxyprenolone 
and dehydroepiandrosterone (DHEA). Typically, 
patients present with severe salt wasting. Genital 
ambiguity may be seen in both females and males due 
to impaired androstenedione production. 

Treatment of CAH is individualized for each 
patient. The mainstay of treatment is cortisol and 
mineralocorticoid replacement when indicated. This 
is typically accomplished with hydrocortisone and 
flucortisone (in salt wasters). Ambiguous genita- 
lia may require clitoroplasty and/or vaginoplasty in 
severe cases [4]. 


Male DSD 


Generally, 46,XY DSD arises from defective testos- 
terone synthesis, or more commonly, from a defect in 
the androgen receptor. External genitalia are variable, 
usually accompanied by palpable gonads. Müllerian 
structures are suppressed by MIS. These individuals 
are often treated with exogenous testosterone. 
Cholesterol is converted to testosterone through 
five enzymatic steps. A defect in any one of these 
enzymes can impair testosterone synthesis. Defects 


| 


Testosterone Figure 29.2 Cortisol synthesis. 


are associated with incomplete virilization. Affected 
individuals may have concomitant mineralocorticoid 
and glucocorticoid production. Sterility is common 
among these individuals. 

5a-Reductase II deficiency is an autosomal con- 
dition most commonly seen among inbred popu- 
lations. Normal virilization of the external genitalia 
requires DHT. Often, these children are raised female 
until masculinization of varying degrees occurs at 
puberty. Micropenis and penoscrotal hypospadias may 
be noted among those who present earlier. Affected 
individuals will have an elevated testosterone: DHT 
ratio. Treatment is individualized; most individuals 
undergo genitoplasty and are raised as males. 

Complete androgen insensitivity is caused by 
a defect in the androgen receptor and affects 1 in 
20,000-40,000 individuals. Patients are phenotypic 
females and commonly present with amenorrhea at 
puberty. Some individuals are diagnosed earlier due 
to palpable gonads, often presenting as hernias. MIS 
still suppresses Miillerian ducts. However, a rudimen- 
tary uterus is found in one-third of cases. Prophylactic 
gonadectomy is recommended due to increased risk 
of gandoblastoma or seminoma. Reifenstein syn- 
drome is an X-linked disorder which leads to incom- 
plete androgen insensitivity. It is caused by either a 
decreased number of androgen receptors or decreased 
affinity of the receptors to androgens. Presentation 
varies, and treatment is individualized [5]. 
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MIS deficiency is a sex-linked autosomal recessive 
condition that arises from mutations that affect the pro- 
duction of MIS by Sertoli cells or its receptors. It is also 
known as hernia uteri inguinalis. Individuals have nor- 
mal external genitalia with retained internal Miillerian 
structures. Cryptorchidism is common; oftentimes, the 
Miillerian structures are recognized during orchidopexy. 
Retained Millerian structures are usually removed with 
careful preservation of the vas deferens [6]. 


Ovotesticular DSD 


The diagnosis of true hermaphroditism is given to indi- 
viduals who have both ovarian and testicular tissues. 
This can occur as two separate distinct gonads or as 
ovotestes. Karyotype is most commonly 46,XX, but may 
also be mosaics of 46,XX/46,XY or 47,XXX/56,XY. A 
small number are 46,XY. Ambiguous genitalia are usu- 
ally found on presentation. Diagnosis requires gonadal 
biopsy and identification of both ovarian and testicu- 
lar tissues. Internal ducts vary according to ipsilateral 
gonadal histology. Management is individualized, 
but usually involves removal of discordant structures. 
Females may be fertile. Males are usually sterile and 
prophylactic gonadectomy is recommended [7]. 


Gonadal dysgenesis 


Mixed gonadal dysgenesis (MGD) is defined by 
the presence of patients with one testis and one 
streak gonad. Karyotype is most commonly mosaic 
45,XO/46,XY. It is the second leading cause of 
ambiguous genitalia. The streak gonad has impaired 
testosterone and MIS production. The contralateral 
testis also has diminished testosterone production. 
Patients are at increased risk of Denys—Drash syn- 
drome and Wilms’ tumor. External genitalia vary 
from normal to predominantly feminized. Affected 
individuals are infertile and may have retained Mül- 
lerian structures secondary to decreased MIS produc- 
tion by the streak gonad. Prophylactic gonadectomy 
is recommended [8]. 


Pure gonadal dysgenesis 


Patients with pure gonadal dysgenesis have bilat- 
eral streak gonads. Karyotype is either 46,XX or 
46,XY. Phenotype is typically female. They are sexu- 
ally infantile, but lack the other stigmata associated 
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with Turner syndrome (see section Turner syndrome). 
Patients are treated with cyclic estrogen and proges- 
terone replacement. If Y chromosomal material is pre- 
sent, prophylactic gonadectomy is required [9]. 


Turner syndrome 


Turner syndrome usually is caused by the karyotype 
45,XO. It leads to a female phenotype, bilateral streak 
gonads, short stature, broad chest, webbed neck, and 
sexual infantilism. Turner syndrome is associated 
with coarctation of the aorta and renal abnormalities, 
including horseshoe kidney, duplication, malrotation, 
and agenesis. A small minority of patients may con- 
tain Y chromosomal material. These patients require 
prophylactic gonadectomy [10]. 


Klinefelter syndrome 


Klinefelter syndrome is defined by a karyotype that 
contains both a Y chromosome and more than one 
X chromosome (i.e., XXY, XXXY, etc.). Affected 
individuals are phenotypically male with poorly 
developed secondary sex characteristics. Patients may 
present with gynecomastia. Patients are infertile due 
to azoospermia. Testicular histology demonstrates 
hyaline replacement of seminiferous tubules. Patients 
will exhibit low testosterone levels and increased lev- 
els of follicle-stimulating hormone (FSH) and lutein- 
izing hormone (LH). Treatment involves androgen 
supplementation and reduction mammoplasties [11]. 


Hypospadias 
Introduction 


Hypospadias is a developmental anomaly character- 
ized by arrested penile development. It is character- 
ized by proximal opening of the urethral meatus, 
dorsal hooding of the foreskin, and ventral penile 
curvature (chordee). Phallic development is depend- 
ent upon androgenic stimulation between the ninth 
and twelfth weeks of gestation. Androgen stimulation 
leads to elongation of the genital tubercle and fusion 
of the urethral folds. Lack of androgenic stimulation 
during this critical time period can lead to hypospa- 
dias and its associated findings. 

The incidence of hypospadias is 1 in 250 live 
births. Hypospadias is noted to also occur in 6-8% 
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of affected individuals’ fathers and 14% of male sib- 
lings. Severe hypospadias is associated with DSD and 
karyotype is warranted, especially if diagnosed with 
concomitant cryptorchidism. Hypospadias can cause 
difficulty with both sexual intercourse and urinating 
from a standing position [12]. 


Treatment 


The need for further urinary tract evaluation is 
unnecessary in those diagnosed with isolated hypo- 
spadias. Any child with suspected hypospadias should 
not be circumcised; the foreskin can be used for sur- 
gical repair should it be necessary. If surgical repair is 
elected, timing of surgery should be between 6 and 18 
months of age. Preoperative hormones in the form of 
B-hCG, testosterone, or DHT have been administered 
to increase penile size and vascularity. Surgery should 
be individualized to the patient. Correction may require 
more than one operation (i.e., staged approach). 

General principles of surgical repair include orthop- 
lasty, urethroplasty, glansplasty, and skin closure. Cur- 
vature less than 30° is most often corrected by midline 
dorsal placation (Nesbit repair). Curvature exceeding 
30° may require ventral lengthening by corporotomy 
with dermal grafting. Most urethroplasties are accom- 
plished by tubularization of the urethral plate, often 
with a dorsal midline relaxing incision to widen the 
plate. Tissue flaps and grafts can be utilized, if necessary. 

Complications may include bleeding, infection, fis- 
tula, meatal stenosis, urethral stricture, diverticulum, 
and dehiscence. Most complications require a second 
surgery for a successful outcome. In these cases, sur- 
gery should be delayed for at least 6 months to allow 
tissues to heal from prior surgeries [13]. 


Cryptorchidism 
Introduction 


Cryptorchidism is defined by failure of one or both 
testes to properly descend into the scrotum. The inci- 
dence is 3% among full-term infant boys and 0.8% 
among 1-year-old boys. Normal descent of the testes 
occurs around the 28th week of gestation. A testoster- 
one surge that occurs 6-12 weeks after birth may stim- 
ulate postnatal descent in some boys. It is therefore 
important to wait 4 months after birth before surgical 
correction is performed. Cryptorchidism is associated 


with Prader-Willi syndrome and other defects of the 
hypothalamic-—pituitary—testis axis. DSD should be 
suspected if diagnosed with concomitant hypospa- 
dias. Most cases, however, are sporadic. 


Rationale for treatment 


Seven percent of normal men are subfertile. Approxi- 
mately 10% of men with a unilateral undescended 
testis are subfertile, and 33% of men with bilateral 
undescended testes are subfertile. Orchidopexy per- 
formed at an early age has been shown to improve 
long-term infertility. Normal germ cell counts have 
been shown to diminish after 1 year of age. 

Tumors are estimated to develop in 0.5-1% of 
undescended testes. Orchidopexy performed before 
the age of puberty decreases the risk of cancer. The 
contralateral, descended testis is not at increased risk 
for developing malignancy [14]. 


Evaluation 


A careful history, including maternal exposures and 
family history of cryptorchidism, infertility, and tes- 
ticular malignancy, is paramount. It is also important 
to evaluate whether or not the testis has ever been 
seen or palpated by the parents or caregivers. 

A cryptorchid or undescended testis should not 
be confused with a retractile testis. A retractile tes- 
tis can be pulled into the scrotum from a position 
near the external inguinal ring and will remain in 
place until cremasteric muscle contraction causes it 
to ascend. Patients with retractile testes are not at 
increased risk for infertility or cancer. A nonpalpable 
testis can indicate either the testis is in a location 
that cannot be palpated (i.e., intra-abdominal) or 
a vanishing testis, also known as a nubbin. Further 
evaluation is necessary in any patient with a nonpal- 
pable testis [15]. 

No imaging test is accurate enough to detect 
intra-abdominal testes. Laboratory tests are usually 
unnecessary. A boy born with bilateral undescended 
testes may benefit from a serum testosterone, FSH, 
and LH to evaluate for testicular viability. Increased 
FSH and LH are suggestive of anorchia. If FSH and 
LH levels are normal or minimally elevated (<3Xs nor- 
mal), an hCG stimulation test may be utilized to detect 
a rise in testosterone from a viable testis. MIS can also 
be measured to evaluate for testicular viability. 
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Treatment 


B-hCG or gonadotropin-releasing hormone (GnRH) 
has been used to stimulate descent by some clinicians. 
Hormonal stimulation is more often used to dis- 
tinguish a retractile testis from an undescended testis. 

Surgical correction by the way of orchidopexy is 
the preferred treatment of cryptorchidism. This can 
be accomplished by laparoscopy or through a scrotal 
incision, but it is most commonly approached by way 
of an inguinal incision. After the gubernaculum is 
divided and the hernia sac is dissected from the cord, 
the testis is evaluated to ensure that enough length 
is present to place the testis into a subdartos pouch 
into the ipsilateral scrotum. If more length is needed, 
the peritoneum can be dissected free of the spermatic 
cord in the abdomen or the transversalis fascia can be 
opened to move the cord medial to the epigastric ves- 
sels (Prentiss maneuver). Rarely, the testicular arter- 
ies are transected (Fowler—Stevens) and the testis is 
preserved by collateral blood supply. This has been 
described as both one- and two-stage procedures [16]. 

Laparoscopy may be employed for suspected intra- 
abdominal testes. Management is dependent upon 
intraoperative findings. If blind-ending internal sper- 
matic vessels are identified, no further treatment is 
necessary. If a spermatic cord entering an inguinal 
ring is identified, inguinal exploration is carried out. 
Finally, if an intra-abdominal testis is identified, the 
testis should be brought down to the scrotum using 
the open surgical principles outlined above. 


WHAT TO AVOID/KEY PITFALLS 


e Patients with undiagnosed CAH may be in extremis 
secondary to glucocorticoid deficiency; electrolytes 
should be obtained before any further workup. 
Individuals born with 5a-reductase deficiency raised 
as females may be virilized at puberty if prophylactic 
gonadectomy is not performed. 

e Adequate time must be given before performing a sec- 
ond surgery on a patient with hypospadias to allow 
for adequate tissue healing and neovascularization. 

e A neonate with an undescended testis should be given 

at least 4 months before intervention to allow for a 

postnatal testosterone surge to stimulate descent. 

A testis that can be manipulated down to the scro- 

tum and remains in place before cremasteric contrac- 

tion is a retractile testis and does not warrant further 
treatment. 
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KEY WEB LINKS 


Guidelines on DSD from the Consortium on the 
Management of Disorders of Sex Development 
http://www.accordalliance.org/dsdguidelines/htdocs/ 
clinical/index.html 


European Association of Urology’s Guidelines on 
Paediatric Urology 
http://www.uroweb.org/fileadmin/user_upload/ 
Guidelines/Paediatric%20Urology.pdf 


Clinical Guidelines on the Management of 
21-hydroxylase Deficiency from the Endocrine 
Society 
http://www.endo-society.org/guidelines/upload/ 
FINAL-Standalone-CAH-Guideline. pdf 


CASE STUDY 


A 6-month-old male born full term via uncomplicated 
vaginal delivery presents to the office with a diagnosis 
of left undescended testis. The patient was diagnosed at 
birth, but the parents are seeking medical attention now. 
Up until now, the baby has been feeding well, gaining 
weight, and is otherwise healthy. 

Upon examination, the baby is noted to have an un- 
circumcised phallus with penoscrotal hypospadias and 
moderate chordee. On the right, there is a mild hydro- 
cele, but no definite testicle. Something is palpable near 
the right internal ring. No testicle is palpable on the left. 

Urinalysis, serum electrolytes, 17-hydroxyprogesterone, 
11-deoxycortisol, testosterone, and urine 17-ketosteroids are 
all within normal limits. A pelvic ultrasound reveals a struc- 
ture posterior to the bladder resembling a uterus. Urogenito- 
gram reveals a collection of dye in the posterior urethra with 
a possible cervical impression. Karyotype is 46,XX. 


Multiple choice questions 


1 The next best step in the treatment of this child is 
Gonadal biopsy 

Gonadectomy 

Bilateral orchidopexy 

Hypospadias repair 

Abdominal MRI 


aa Ff 


2 The most likely diagnosis in this patient is: 
Mixed gonadal dysgenesis 

Congenital adrenal hyperplasia 

True hermaphroditism 

Pure gonadal dysgenesis 

Androgen insensitivity syndrome 


aa Ff 
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KEY POINTS 


Escherichia coli is the most common pathogen among 
pediatric urinary tract infections. 

The incidence of urinary tract infection is higher among 
uncircumcised males only in the first year after birth. 
Voiding cystourethrogram (VCUG) is necessary to grade 
the severity of vesicoureteral reflux (VUR). 
Pyelonephritic scarring is the leading cause of pediatric 
hypertension. 


Pediatric urinary tract infections 
Classification 


Urinary tract infections (UTIs) have been classified 
in many ways. Generally, UTIs are described based 
on their location, whether symptoms are present, and 
whether or not the infection is new, persistent, or rep- 
resents reinfection. Most infections are localized to 
the bladder and are referred to as cystitis. An infec- 
tion that involves at least one kidney is called pyelo- 
nephritis. Bacterial colonization without symptoms is 
known as asymptomatic bacteriuria. Infections that 
are symptomatic resolve with treatment, and become 
symptomatic again, may represent recurrent UTI. 
However, it should be noted that the term “recur- 
rent” is not adequately descriptive. Persistent UTI is 
diagnosed when the same organism is cultured after 
a period of noninfection. Reinfection describes a new 
infection by a different organism. 


e Ureteroneocystostomy is the most effective treatment for 
VUR. 

e VUR may be secondary to dysfunctional elimination 
syndrome and treatment should focus on correction of 
voiding dysfunction prior to surgery. 

e Dysfunctional voiding is commonly associated with bowel 
dysfunction and both should be treated together. 


Epidemiology 


The incidence of UTI in males is greater only during 
the first year after birth. The incidence in uncircum- 
cised boys is 1%. The risk is increased 5-20 times 
among uncircumcised boys [1]. After the age of 
1 year, the incidence of UTI among females is 10 times 
greater than males. Females have a 60-80% chance of 
reinfection within 5 years of initial UTI [2]. 


Etiology 


Escherichia coli is the most common uropathogen 
[3]. Enterobacteriaceae of all types may be res- 
ponsible for pediatric UTI, including Klebsiella, 
Proteus, Enterobacter, and Pseudomonas species. 
Other rarer pathogens include Staphylococcus, 
Enterococcus, and nonbacterial species. Most 
symptomatic infections will have colony counts 
greater than 100,000. However, colony counts of 
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10,000 with symptoms should be considered infec- 
tion among children [4]. 

Several virulence factors among certain strains of 
E. coli have been identified. Various surface struc- 
tures, such as pili and fimbriae, allow for increased 
attachment of the bacteria to the urothelium. Some 
increase the risk of pyelonephritis [5]. 

Host factors also contribute to risk of infection and 
progression to pyelonephritis. Foreskin increases the 
risk of infection among males [1]. Vesicoureteral reflux 
(VUR) allows less virulent pathogens to cause pyelone- 
phritis. Voiding dysfunction is often linked to UTI and 
may be secondary to incomplete emptying of the blad- 
der, which increased the risk of UTI [6]. Other factors, 
such as sexual activity, anatomical anomalies, urinary 
calculi, and foreign bodies, also increase the risk of UTI. 


Diagnosis 


Common signs and symptoms of adult UTI, such as 
urinary frequency, urgency, incontinence, and dysuria, 
may not be present or are difficult to recognize among 
younger children [7]. Vague signs such as poor feed- 
ing, irritability, diarrhea, and so on may be more com- 
mon. Fevers are suggestive of pyelonephritis. 

Any child suspected of UTI should have urine 
obtained and cultured. Bag specimens are easily con- 
taminated and thus are only useful when negative. 
Catheterized specimens may be traumatic, but are 
more reliable. The most reliable specimen among very 
young children can be obtained by suprapubic aspira- 
tion. Voided specimens should be reserved only for 
children who are toilet trained. 

Any child younger than 5 years with a UTI or any 
child with a febrile UTI should be evaluated with 
renal ultrasonography and voiding cystourethrogram 
(VCUG) to rule out hydronephrosis and/or VUR. 
99mTc dimercaptosuccinic acid (DMSA) renography 
can be used to evaluate a child for evidence of acute 
pyelonephritis or renal scarring. DMSA used to evalu- 
ate for scarring should be delayed at least 6 months 
after febrile UTI [8]. 


Treatment 


Antimicrobial therapy is indicated for any child diag- 
nosed with UTI. The choice of antimicrobial agent 
and duration of treatment depend on the patient and 
severity of the infection. Cystitis should be treated 


for 3-5 days. Pyelonephritis or febrile UTI should be 
treated for 10-14 days with broad-spectrum therapy 
until cultures are finalized. If a child appears septic 
or does not respond to oral therapy, hospitalization 
and parenteral antimicrobials are indicated. Asymp- 
tomatic bacteriuria does not warrant antimicrobial 
therapy [9]. 

It is appropriate to place patients on low-dose 
antimicrobial prophylaxis following first UTI until 
an evaluation for VUR and hydronephrosis has been 
completed and/or treated. Most commonly, amoxi- 
cillin is used in neonates. After 2 months of age, 
children can be placed on either nitrofurantoin or 
trimethoprim-sulfamethoxazole. Fluoroquinolones 
are currently not approved for use in children, as ten- 
don rupture and abnormal bone development have 
been reported [10]. 


Vesicoureteral reflux 
Classification and general information 


VUR occurs when urine in the bladder flows retro- 
grade into the upper urinary tracts toward the 
kidney(s). Infected urine can cause renal scarring and 
renal insufficiency. The incidence of scarring is related 
to the grade of reflux. Sterile reflux of urine does not 
cause renal scarring after birth. However, antenatal 
reflux of urine can lead to renal dysplasia [11]. The 
most common cause of pathologic antenatal hydro- 
nephrosis is VUR, and children with a diagnosis of 
persistent hydronephrosis after birth should undergo 
VCUG to determine if VUR is present [12]. 

VUR is diagnosed by the visualization of contrast 
in the upper urinary tracts on VCUG and is graded 
as follows: 


Grade I: distal segment of the ureter is visualized 

Grade II: reflux is visualized in the renal calices with- 
out evidence of dilation 

Grade III: mild dilation or blunting of the renal calices 

Grade IV: dilated ureter and marked distention of the 
renal pelves and calices 

Grade V: severe tortuosity of the ureter and distention 
of the calices and pelves 


Epidemiology 


VUR affects 1-5% of all children [13]. The age of 
onset correlates to age of toilet training. VUR is 
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present in 32% of affected individuals’ siblings [14]. 
Among daughters of affected females, 50% will have 
VUR [15]. While males are more commonly found 
to have VUR secondary to antenatal hydronephrosis, 
the incidence of VUR is nearly four times higher in 
females among those diagnosed after a UTI [16]. VUR 
is found in 40% of children diagnosed with pyelone- 
phritis and 70% of infants diagnosed with UTI [17]. 
VUR is more prevalent among Caucasians compared 
with African Americans. 


Etiology 


VUR is often secondary to a short intramural tunnel 
length as the ureter enters the bladder. Normal filling 
of the bladder causes mechanical compression of this 
tunnel, thus preventing reflux. If the tunnel length is 
too short or abnormally positioned, VUR may occur. 

Secondary VUR occurs by increased intravesical 
pressure from obstruction or inability to empty the 
bladder. Treatment involves relief of the intravesical 
pressure. 

Renal scarring may occur in as much as 60% of 
patients with UTI and VUR. Higher-grade reflux 
increases the likelihood of renal scarring. By-products 
of inflammation during infection result in local 
ischemic changes direct tissue injury. If scarring is not 
present by the age of 6 years, the risk of future scar- 
ring is significantly less. It is important to note that 
renal scarring is the most common cause of pediatric 
hypertension [18]. 


Diagnosis 


Most commonly, VUR is diagnosed after the find- 
ing of antenatal hydronephrosis or UTI. However, 
careful history may also elicit other findings com- 
monly associated with VUR, such as dysfunctional 
voiding, constipation, fevers without diagnosis, and 
flank pain. 

Physical examination may reveal hypertension or 
below-average height and weight secondary to renal 
scarring. Other findings include abdominal mass and 
unrecognized neurological disease, such as sacral 
depression or abnormal perineal sensation and/or 
reflexes. 

Urinalysis should be obtained in any patient sus- 
pected of having UTI, VUR, or voiding dysfunction. 
Pyuria and nitrites are indicators of infection and 
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culture should be obtained. Proteinuria may be a 
sign of renal damage. Rarely, serum creatinine can 
be elevated in those children with profound renal 
damage. 

All children with a history of antenatal hydrone- 
phrosis or UTI should undergo both renal ultra- 
sonography and VCUG. However, VCUG may be 
traumatic for patients and requires radiation. The 
decision to obtain a VCUG should be individualized 
for each patient and his or her family. The diagnosis 
of VUR can only be made after a VCUG is obtained 
in suspected individuals. A nuclear cystogram can be 
used to make the diagnosis; however, grading is only 
possible with VCUG. Ultrasonography is useful only 
to diagnose hydronephrosis and conspicuous renal 
abnormalities. Suspicion of scarring can be diagnosed 
with a DMSA renogram. 


Treatment 


Goals in the treatment of VUR include prevention 
of UTI and renal scarring. Oftentimes, VUR will 
resolve spontaneously. Generally, higher grade and 
advanced age at diagnosis portend poorer resolu- 
tion rates compared to those who are diagnosed at 
an earlier age or with lower grades of reflux. VUR 
in males is also more likely to resolve compared 
to females. VUR is closely related to bladder and 
bowel dysfunction. Those without bladder and 
bowel dysfunction or those who have been success- 
fully treated also have a greater chance of sponta- 
neous resolution. 

All children diagnosed with VUR should be 
placed on antimicrobial prophylaxis until resolu- 
tion of VUR, surgical treatment, or among children 
of advanced age who have no evidence of UTIs, 
renal scarring, or bladder and bowel dysfunction. 
Antimicrobial prophylaxis is effective in lowering 
the occurrence of febrile UTIs among children with 
VUR. Infants can be safely placed on amoxicillin 
until 2 months of age. At that time, either nitro- 
furantoin or trimethoprim-sulfamethoxazole can 
be used with equal effectiveness. The choice of anti- 
microbial may depend upon the patient’s allergies, 
tolerance, side effects, resistance, and cost. While 
other antimicrobials have been used successfully as 
prophylaxis, it should be noted that nitrofurantoin 
is the only antimicrobial agent that does not lead to 
increased resistance among uropathogens. 
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Surgical management is another treatment option 
and represents definitive treatment. Indications 
include breakthrough infections while on antimi- 
crobial prophylaxis, lack of compliance, failure of 
VUR to resolve spontaneously with time, high-grade 
reflux with renal scarring or renal insufficiency, and 
parental preference. The success rates of surgical cor- 
rection are high. Traditionally, ureteroneocystostomy 
(UNC) or “ureteral reimplant” is performed either 
through an intravesical or extravesical approach. The 
principle of UNC is to ensure that the ureter passes 
through the bladder wall with a length-to-diameter 
ratio of at least 5:1. Success rates are roughly 98% 
with this method [13]. The procedure can also be 
accomplished with laparoscopy or robotic assistance 
in experienced hands. UNC usually requires hospital- 
ization and urinary catheter following surgery. While 
the procedure is usually well tolerated, complications 
may occur along with prolonged hospitalization and 
patient discomfort. 

A less-invasive form of surgical treatment has 
been used successfully in patients with VUR. Subu- 
reteric injection of a bulking agent can be accom- 
plished endoscopically with minimal morbidity and 
can be performed as an outpatient. The principle of 
the procedure is to inject a bulking agent under the 
mucosa of the ureteral orifice to improve coapta- 
tion. Success rates range from 65% to 90% [19]. 
Generally, it is less effective with higher grades of 
reflux. Agents used for this procedure include dex- 
tranomer/hyaluronic acid, collagen, Teflon, and 
silicone microspheres. 

Treatment of VUR should be individualized for 
each patient. Most young patients with low-grade 
reflux can be observed or maintained on antimicrobial 
prophylaxis until resolution of reflux. Children who 
are older with high-grade reflux usually will require 
definitive surgical correction of the reflux. Any child 
with breakthrough UTIs or new renal scarring should 
also undergo surgical correction. 


Voiding dysfunction 
Introduction 


The physiology and dynamics of normal bladder behav- 
ior during development is very complex. Much of the 
micturition cycle depends upon intact neural pathways 
that develop antenatally. Coordination of the spinal 


reflexes, bladder, and urethral sphincter make normal 
bladder storage and emptying possible. While voiding 
dysfunction can be secondary to neurological abnor- 
mality, it may also be present without any identifiable 
neurologic abnormality. This chapter will focus on the 
nonneuropathic voiding dysfunction in children. 

After birth, bladder development continues into 
childhood. Micturition frequency is often as much 
as 15-20 times per day among newborns. As the 
bladder grows, micturition frequency decreases until 
the child is toilet trained. The bladder capacity can 
be estimated by a child’s age as follows: volume (in 
ounces) = age of the child (in years) + 2. By 5 years of 
age, 90-95% of children are dry during the day and 
80-85% are dry at night [20]. 


Pediatric urinary incontinence 


By 12 years of age, 99% of children are dry dur- 
ing the day and night. Urinary incontinence may 
be a sign of infection, stress in the home, abuse, or 
dysfunctional elimination syndrome (DES) [21]. It 
is important to evaluate patients who present with 
incontinence for both psychosocial and neurologic 
abnormalities. Patterns of incontinence (i.e., stress, 
urge, continuous, nocturnal, diurnal, etc.) should 
also be noted. It is important to assess each child 
for constipation and history of toilet training. Initial 
evaluation should include urinalysis and culture. 
Urodynamics should be considered. If an anatomi- 
cal abnormality is suspected (i.e., urethral stricture, 
ectopic ureter, etc.), a VCUG or cystoscopy may be 
warranted. 

Treatment should be aimed at reinforcing nor- 
mal voiding habits. Treatment will be dictated by 
the type of incontinence and findings during evalu- 
ation. Continuous incontinence in a female suggests 
ectopic ureter and should be treated appropriately. 
Postmicturition incontinence may be a consequence 
of labial adhesions. Giggle incontinence occurs only 
during periods of heavy laughter, is more common 
in females, and usually resolves spontaneously [22]. 
Timed voiding, biofeedback, and anticholinergics are 
the options. 


Dysfunctional elimination syndrome 


Several different conditions that were previously 
treated as separate diseases are now felt to be all 
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part of a spectrum of conditions involving both the 
urinary and gastrointestinal tracts. The etiology 
and mechanism for DES is largely unknown. Severe 
cases can lead to profound bladder dysfunction 
(i.e., Hinman syndrome, voluntary detrusor sphinc- 
ter dyssynergia, etc.). Urodynamics may show over- 
active detrusor contractions with an obvious neu- 
rologic cause. A large “dumbbell-shaped” bladder 
or a “spinning top” urethra may be seen on radio- 
graphic evaluation. Hydronephrosis and secondary 
VUR may also occur. Typically, a history of con- 
stipation, poor fluid intake, and UTIs are common 
among patients with DES. Other variations of DES 
may exist [23]. 

Treatment may take months to years in some 
patients. The focus of treatment should be on timed 
voiding and relief of constipation. Discomfort experi- 
enced during elimination can negatively impact a 
child’s ability to voluntarily empty his or her bladder 
and bowels. Biofeedback is also effective in teaching 
children how to relax their pelvic floor muscles. Anti- 
cholinergics and clean intermittent catheterization 
may be utilized in severe cases. It is also important to 
provide antimicrobial prophylaxis for any child with 
a diagnosis of VUR. However, surgery should not be 
considered until DES has been effectively or maxi- 
mally treated. Children with DES and VUR are more 
prone to developing breakthrough UTIs compared to 
those without DES [24]. 


Nocturnal enuresis 


Nocturnal enuresis (NE) affects 15-20% of 5-year- 
old children. The prevalence of NE decreases at a rate 
of 15% per year such that only 1% of 15-year-olds 
are affected. Among children with NE, 75% have pri- 
mary NE (never were dry) [25]. The risk of develop- 
ing NE is substantially increased among the offspring 
of parents with a history of NE. The pathogenesis of 
NE is poorly understood. Some have suggested that is 
associated with developmental delay, sleep disorders, 
and psychological stress. NE may also be associated 
with lower serum vasopressin levels compared to 
those without NE. 

After a detailed history and physical examina- 
tion, children are initially treated with behavioral 
modification. Motivational techniques and alarms 
have been used successfully, especially in older chil- 
dren [26]. Desmopression (DDAVP) may be given as 
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a nasal spray or oral tablet to decrease urine output 
and increase urine osmolality at night. A potential 
dangerous side effect of the medication is hypona- 
tremia; patients on therapy should be monitored 
with periodic serum sodium measurements. DDAVP 
is successful 60% of the time and is more effective 
when used in combination with behavioral therapy. 
It should be noted that DDAVP only treats the symp- 
toms of DDAVP. Once the therapy is stopped, relapse 
is almost inevitable. Imipramine is another medica- 
tion that has been used with varied levels of success. 


WHAT TO AVOID/KEY PITFALLS 


e Urinalysis and cultures from bag specimens are unreli- 
able and should only be used to rule out UTI. 

e VUR may or may not be seen with hydronephrosis. 
It is important to rule out VUR with a VCUG in any 
child with a febrile UTI or repeated UTIs. 

e VUR may resolve spontaneously. It is appropriate 

to observe infants diagnosed with high-grade VUR 

who do not have evidence of renal scarring or break- 
through infections. 

Dysfunctional elimination may be present in those 

with VUR. Do not recommend surgical correction of 

VUR before attempting to treat constipation and dys- 

functional elimination. 

e When treating NE with DDAVP, it is important to 
monitor serum sodium. Hyponatremia is a potential 
dangerous side effect of the medication. 


KEY WEB LINKS 


Clinical Practice Guideline for the Diagnosis and 
Management of the Initial UTI in Febrile Infants 
and Children 2-24 Months 
http://aappolicy.aappublications.org/cgi/reprint/ 
pediatrics; 128/3/595.pdf- 


Guidelines on the Management of Vesicoureteral 
Reflux in Children from the American Urological 
Association 
http://www.auanet.org/content/guidelines-and-quality 
-care/clinical-guidelines/main-reports/vesi_reflux.pdf 


Clinical Practice Guideline on the Evaluation and 
Treatment of Constipation in Infants and Children 
from the North American Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition 
http://www.naspghan.org/user-assets/Documents/pdf/ 
PositionPapers/constipation.guideline.2006. pdf 
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CASE STUDY 


An 18-month-old female presents to the office after an 
episode of febrile UTI. The mother reports that her child 
had a decreased appetite and was fussy for a period of 
36 hours when her temperature was recorded to be as high 
as 40.1°C. She took her child to the emergency depart- 
ment. Serum electrolytes and creatinine were normal. A 
bagged urine culture was positive for E. coli, and she was 
started on a course of cephalexin. The child became well 
within 24 hours of starting the medication. 

The child’s mother had no prenatal care. She does report 
a history of UTIs during her teenage years. The mother 


Multiple choice questions 


1 The mother chooses to observe her child. The next 
step in the treatment of her child is 

a DMSA renogram 

b Repeat VCUG in 6 months 

c Clean intermittent catheterization 

d Antimicrobial prophylaxis 

e Colonic enema 
2 The likelihood that her 3-year-old brother also has 
VUR is 

a 15% 

b 32% 

c 50% 

d 70% 

e 92% 
3 Resolution or improvement in her VUR may be 


achieved by 


A high-fiber diet and stool softeners 
Increasing the frequency of her diaper changes 
Cranberry juice 

Anticholinergics 

Increasing the dose of her antimicrobial 
prophylaxis 


mananao 
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KEY POINTS 


Wilms’ tumor (WT) is easily recognized histologically 

by its classic triphasic pattern of epithelial, stromal, and 
blastemal elements. 

WT is associated with allelic heterogeneity of 11p. 

WT rarely crosses the midline. 

Congenital mesoblastic nephroma is the most common 
renal tumor among infants and its course is usually benign. 
Any patient suspected of having neuroblastoma should 
undergo a bone marrow biopsy to evaluate for metastatic 
disease. 


e Children with testicular masses that have normal levels 
of alpha-fetoprotein (AFP), no signs of metastasis, and 
pathology-proven teratoma may undergo testis-sparing 
excision of their tumors. 

e Rhabdomyosarcomas are treated with surgery followed 
by adjuvant chemotherapy. Alveolar variants have a poor 
prognosis. 


Wilms’ tumor (Nephroblastoma) 
Epidemiology 


Representing 80% of genitourinary tumors of children 
younger than 5 years, Wilms’ tumor (WT) is the most 
common genitourinary tumor of childhood [1]. The 
incidence is 8 per 1,000,000. Three hundred and fifty 
new cases are diagnosed each year in the United States. 
Males and females are affected equally. The tumor seems 
to have a higher incidence among African Americans 
compared with Caucasians and Asians. The majority of 
tumors are solitary; however, 5% are bilateral and 12% 
are multifocal. Twenty percent of affected children have 
a family history of other genitourinary malignancies [2]. 


Associated anomalies 


WT is associated with aniridia. Aniridia has an over- 
all incidence of 1 in 50,000. The incidence of aniridia 


among patients with a WT is 1 in 70. Approximately 
one-third of patients with aniridia will develop a WT. 

WAGER syndrome represents a collection of condi- 
tions including WT, aniridia, genitourinary anoma- 
lies, and mental retardation. It is associated with dele- 
tions of 11p13. Other congenital anomalies may be 
seen, including ear deformities, hernias, hypospadias, 
cryptorchidism, and ambiguous genitalia [3]. 

WT is also associated with hemihypertrophy. Hemi- 
hypertrophy has an overall incidence of 1 in 14,000. 
Among patients with WT, the incidence is 1 in 32. 
Hemihypertrophy is also associated with embryonal 
carcinoma, pigmented nevi, and hemangiomas [4]. 

Beckwith-Wiedemann syndrome is characterized by 
patients with hemihypertrophy, macroglossia, and oth- 
er congenital anomalies, including mental retardation, 
microcephaly, visceromegaly, and omphalocele. It is 
associated with 11p15 deletions. WT is seen in 4-10% 
of patients with Beckwith-Wiedemann syndrome [5]. 
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Denys—Drash syndrome is also associated with WT 
and 11p13 deletions. These patients may have am- 
biguous genitalia, renal mesangial sclerosis, and end- 
stage renal disease [6]. 


Histopathology 


Gross specimens are usually surrounded by a pseudo- 
capsule. The histology in 90% of WT reveals a tripha- 
sic pattern of three tissue types: epithelial, blastemal, 
and stromal. This is known as “favorable” type his- 
tology and carries a good prognosis. About 5-10% 
of patients are diagnosed with the anaplastic variant, 
which portends a very poor prognosis and accounts 
for 50% of deaths from WT. Clear cell or rhabdoid 
histologies can also be seen. 

A nephrogenic rest is a focus of abnormally persis- 
tent nephrogenic blastemal cells that can develop into 
WT. In clusters, they are histologically identical to WT 
and are termed nephroblastomatosis. One percent of 
patients without WT are found to have nephroblas- 
tomatosis at autopsy. However, 45% of patients with 
unilateral and 100% of patients with bilateral WT are 
found to have these entities at autopsy [7]. 


Genetics 


WT is associated with allelic heterogeneity of 11p. 
The following loci are felt to be important in the 
pathogenesis of WT. WT1 is located on 11p13, and 
WT2 is located on 11p15. 16q has also been impli- 
cated. Despite recent advances in our understanding 
of the genetics associated with WT, only 10% of spo- 
radic cases have an identified genetic defect [8]. 


Presentation 


The presentation of WT is usually that of a healthy- 
appearing child with a palpable abdominal mass. It 
rarely crosses the midline. Hematuria is rare and usu- 
ally only microscopic. Other congenital anomalies 
may be seen in approximately 15% of patients at the 
time of diagnosis. Renin-mediated hypertension may 
also be present. 


Evaluation 


Diagnostic imaging is warranted in any child with a 
palpable abdominal mass. Ultrasonography is useful 
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for imaging the kidneys and vena cava. Computer- 
ized tomography can aid in the evaluation of smaller 
tumors, liver lesions, or lymph nodes. Magnetic reso- 
nance imaging is also useful for evaluating vascular 
structures. 


Staging 


In the United States, staging is completed after surgical 
resection, if possible. The European staging is based 
on imaging studies [9]. Stage I tumors include those 
that are completely resected with no gross spillage or 
residual tumor. Stage II indicates a focus of regional 
spread either in the form of a positive surgical margin, 
gross spillage, or extrarenal vascular tumor throm- 
bus. Stage III indicates incomplete resection or unre- 
sectable tumor, large tumor spill, or positive lymph 
nodes. Stage IV indicates distant metastases. Stage V 
indicates synchronous bilateral tumors. Prognosis is 
based on histology and stage [10, 11] (Table 31.1). 


Treatment 


Treatment in the United States is based on the National 
Wilms’ Tumor Study Group (NWTSG) protocol. Pa- 
tients younger than 2 years with Stage I tumors less 
than 550 g should undergo a nephrectomy followed 
by observation. Among children aged 2 years and 
older, those with Stage I and II tumors with favora- 
ble histology should undergo a nephrectomy followed 
by chemotherapy. Patients with anaplastic histology 
or Stages III and IV tumors should undergo nephrec- 
tomy, followed by radiation and chemotherapy. Pa- 
tients with bilateral tumors (Stage V) should undergo 


Table 31.1 Wilms’ tumor prognosis by stage 


Stage Histology Survival (%) 

I Favorable 98.7 
Unfavorable 82.6 

Il Favorable 93.8 
Unfavorable 81.2 

Il Favorable 93.0 
Unfavorable 72.0 

IV Favorable 89.5 
Unfavorable 55.9 


biopsy, followed by chemotherapy. Reassessment of 
the child after chemotherapy is necessary to dictate 
further treatment [9]. 

Classically, patients undergo a chevron or mid- 
line incision so that the contralateral kidney can be 
evaluated. With modern imaging, exploration of the 
contralateral kidney may not be necessary. Partial ne- 
phrectomy should be considered in any child with re- 
nal insufficiency, bilateral tumors, or solitary kidney. 
Lymph node sampling is needed for proper staging [9]. 

In the United States, neoadjuvant chemotherapy is 
administered to patients with bilateral tumors, soli- 
tary kidney, tumors with major vascular involvement, 
or if the tumor is felt to be unresectable [1]. Neoad- 
juvant chemotherapy has been shown to decrease in- 
traoperative morbidity but has no effect on long-term 
survival [12]. 


Other renal tumors 
Congenital mesoblastic nephroma 


Congenital mesoblastic nephroma is the most common 
renal tumor among infants. The mean age at diagnosis 
is 3.5 months. Histologically, it is characterized by a 
solitary hamartoma which infiltrates the renal stoma. 
These tumors are found more commonly in males and 
are almost always unilateral. Treatment is nephrecto- 
my and course is almost universally benign [13]. 


Multilocular cystic nephroma 


Multilocular cystic nephroma is an uncommon be- 
nign renal tumor. Fifty percent occur in young chil- 
dren, and fifty percent occur in young adult women. 
Among children, it is more common among males. 
Surgical resection is curative. Recurrence is possible 
with incomplete resection [13]. 


Clear cell sarcoma 


Clear cell sarcoma is a highly malignant tumor that 
is diagnosed at a mean age of 3.5 years. Histology 
reveals polygonal cells with round oval nuclei [14]. 
Improved prognosis is seen with lower stage, earlier 
age at diagnosis, absence of tumor necrosis, and treat- 
ment with doxorubicin [15]. Long-term follow-up is 
needed as over 30% of relapses occur 3 years or more 
after treatment. Clear cell sarcomas are associated 


CHAPTER 31 PEDIATRIC GENITOURINARY ONCOLOGY 


with brain and bone metastases. The mainstay of 
treatment is radiation and chemotherapy. Overall sur- 
vival is poor [13]. 


Rhabdoid tumor 


Rhabdoid tumors are the most aggressive and lethal 
renal tumors of childhood. The median age at diag- 
nosis is 16 months. Rhabdoid tumors of the kidney 
may present as WTs. Metastases may occur anywhere 
in the abdomen, lungs, or brain [16]. Treatment con- 
sists of radiation and chemotherapy. Prognosis is ex- 
tremely poor. 


Neuroblastoma 
Epidemiology 


Neuroblastoma is the most common malignant tu- 
mor of infancy and second most common solid tumor 
of childhood. Most cases are diagnosed in children 
younger than 4 years. Children who are diagnosed 
at the age younger than 1 year tend to have a better 
outcome. The incidence is higher among those with 
Type I neurofibromatosis, Hirschsprung’s disease, and 
Turner syndrome. There appears to be a slightly high- 
er incidence among males. Most tumors are found in 
the abdomen. Among abdominal neuroblastomas, ap- 
proximately two-thirds are adrenal in origin. Patients 
with adrenal neuroblastomas have a better prognosis 
than those with extra-adrenal tumors [17]. 


Genetics 


Neuroblastoma may be hereditary or sporadic. Dele- 
tion in chromosome 1p with loss of heterozygosity is 
associated with a poor prognosis. N-myc oncogene 
amplification is associated with advanced stages of 
disease, rapid progression, and poor prognosis. Dele- 
tions in 11q or 14q may also be seen in 25-50% of 
cases [18]. 


Pathology 


The tumor arises from neural crest cells. Masses 
are usually highly vascular and appear grossly pur- 
ple. Small, round blue cells are seen microscopically. 
Prognosis is determined by the Shimada histological 
grading system. 
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Presentation 


The typical presentation of a neuroblastoma is that 
of a child with a firm and irregular mass that may 
cross the midline. Seventy percent of patients present 
with synchronous metastases. Subcutaneous nodules, 
liver lesions, and bone lesions are common locations 
of metastases. Neuroblastomas may secrete catecho- 
lamines. Increased catecholamine release can cause 
hypertension, flushing, and palpitations. 


Diagnosis 


The first step in the diagnostic evaluation of a child 
with a suspected neuroblastoma is bone marrow 
aspirate, which proves to be positive 70% of the 
time. A 24-hour urine collection for vanillylman- 
delic acid (VMA) may aid in diagnosis as approxi- 
mately 90% of patients with neuroblastoma have 
elevated levels of catecholamines. Additional imag- 
ing may be necessary. Computerized tomography 
usually reveals speckled calcifications in a supra- 
renal mass. Magnetic resonance imaging aids in 
the diagnosis of vascular and bone involvement. 
An MIBG scan can be used for equivocal cases and 
help with staging. 

The International Neuroblastoma Staging System 
is used to stage tumors proven to be neuroblastoma. 
Stage 1 tumors are localized and with complete resec- 
tion. Stage 2a tumors are localized tumors without 
complete gross resection and negative lymph nodes. 
Stage 2b implies ipsilateral positive lymph nodes and 
contralateral negative lymph nodes. Stage 3 tumors 
are unresectable or contain contralateral positive 
lymph nodes. Stage 4 is given to those with distant 
metastases. Stage 4S is reserved for children younger 
than 1 year with Stage 1 or 2 tumors with spread to 
skin, liver, or bone marrow. Patients with Stage 4S 
have a better prognosis and often undergo spon- 
taneous regression [19]. 


Treatment 


Surgery is the mainstay of treatment in most cases. Re- 
cently, organ-sparing surgery has been advocated. Ad- 
juvant radiation and/or chemotherapy may be given if 
there is an evidence of residual tumor. Neoadjuvant 
chemotherapy may be given in cases of unresectable 
tumors or those with respiratory and bowel compro- 
mise. Radiation is not curative. It is primarily used 
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for palliation of metastases or residual masses. Rarely, 
bone marrow transplant may be given to those after 
chemotherapy and total body irradiation [20]. 


Testicular tumors 
Epidemiology 


The incidence of testicular tumors in children is ap- 
proximately 2 to 3 per 1,000,000 annually. Testicu- 
lar tumors represent nearly 2% of all pediatric neo- 
plasms. The majority of tumors present in patients 
younger than 2 years. Yolk sac tumors were thought 
to be the most common variant; however, many now 
believe that teratoma is the most common etiology of 
testicular tumors in children [21]. 


Teratoma 


Teratomas are usually well-differentiated testicular 
tumors in children. The tumor can be considered 
benign in children younger than 2 years. Ultrason- 
onographic appearance usually reveals a hetero- 
geneous mass with internal echoes. As with other 
benign lesions of the testes, patients with patholo- 
gy-proven teratoma can undergo testis-sparing sur- 
gical excision if adjacent testicular parenchyma is 
prepubertal [22]. 


Yolk sac tumor 


Yolk sac tumors are the second most common testicu- 
lar tumors. These occur primarily in infants. More 
than 90% of those diagnosed with yolk sac tumors 
will have elevated alpha-fetoprotein (AFP). The tu- 
mors appear pale gray, encapsulated, and well-cir- 
cumscribed grossly. Microscopically, Schiller-Duval 
bodies may be seen. Presentation is usually that of a 
painless scrotal mass. More than 90% of lesions are 
localized to the testis upon presentation. However, 
the tumor can metastasize. The most common site of 
metastasis is the lung. Unlike adults, spread is usually 
hematogenous. Therefore, routine lymph node dissec- 
tion is not necessary. Platinum-based chemotherapy 
is the treatment of choice for metastatic disease. An 
orchiectomy should be performed in any child sus- 
pected of having a testicular tumor with elevation in 
AFP, metastasis, or pathology-proven yolk sac tumor. 
Enucleation or testis-sparing excision is not indicated 


in these settings. Orchiectomy is curative in the large 
majority of children with testicular tumors [21]. 


Leydig cell tumor 


Leydig cell tumors are the most common gonadal 
stromal cell tumor. Others include Sertoli cell tumors 
and juvenile granulosa cell tumors. The peak inci- 
dence is approximately 4-5 years of age and accounts 
for 10% of precocious puberty in males younger than 
9 years. The tumors are typically benign and uni- 
lateral. Leydig cell tumors typically secrete testoster- 
one; however, elevation of corticosteroids, estrogen, 
or progesterone may also be seen. Androgen-secret- 
ing tumors are differentiated from primary pituitary 
lesions by low levels of follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH) from feedback 
inhibition. Inguinal orchiectomy is usually curative 
with Leydig cell tumors or other stromal tumors of 
the testes [23]. 


Rhabdomyosarcoma 
Epidemiology 


Rhabdomyosarcoma is the most common soft tissue 
sarcoma of childhood. Twenty percent of rhabdo- 
myosarcomas are found in the genitourinary tract. 
A bimodal incidence with peaks between 2-6 years 
and 15-19 years of age has been noted. However, 
they are mostly present early in life. It is associated 
with Li-Fraumeni syndrome and neurofibromatosis. 
Abnormalities of the 2q37 locus are thought to be im- 
portant. Rhabdomyosarcomas tend to spread by local 
invasion. Hematogenous and lymphatic spread are 
also possible, but less common [24]. 

There are three pathologic variants: embryonal, 
pleomorphic, and alveolar. Embryonal comprises 
the majority of cases and typically occurs in younger 
children. Sarcoma botryoides resembles a “bunch of 
grapes” and represents the pleomorphic variant. The 
alveolar variant represents an anaplastic and undif- 
ferentiated variant with a poor prognosis. Spindle-cell 
variants also exist [25]. 


Presentation 


The clinical presentation depends largely on the size 
and origin of the tumor. Urologic manifestations may 
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include dysuria, hematuria, hydronephrosis, or ab- 
dominal mass. It may involve the bladder, prostate, 
paratesticular tissue, vagina, vulva, or uterus [26]. 


Diagnosis 


Magnetic resonance imaging is the best imaging mo- 
dality to assess and stage pelvic tumors. Computer- 
ized tomography and ultrasonography can also be 
used with less accuracy. 

Staging is based on the TNM system. T1 tumors are 
confined and T2 tumors extend into adjacent organs. 
Nodes are either negative (NO), positive (N1), or un- 
known (Nx). Distant metastases are either not present 
(MO) or present (M1). 


Treatment 


Treatment begins with biopsy of the lesion and assess- 
ment of local extension. This is usually followed by 
adjuvant VAC-based chemotherapy. Radiation may 
be used in addition. Reassessment by the way of MRI 
is usually completed after chemotherapy. Further sur- 
gical resection may be necessary for patients with re- 
currence or incomplete response [27]. 


WHAT TO AVOID/KEY PITFALLS 


e Patients diagnosed with bilateral WTs may suffer from 
chronic renal insufficiency if surgical resection is un- 
dertaken. These patients should undergo neoadjuvant 
chemotherapy in order to shrink tumor burden prior 
to surgical resection. 

Proper staging of WT depends on the status of the ad- 

jacent lymph nodes. Do not forget to obtain lymph 

nodes during resection or patient will be upstaged to 

Stage III. 

e Neuroblastomas in children younger than 1 year have 

a good prognosis even with metastasis to the skin, 

liver, or bone marrow. These tumors may undergo 

spontaneous regression. 

Elevated levels of AFP may be seen in normal children 

up to 1 year of age. 

e Rhabdomyosarcoma may recur after initial treatment 
with surgery and chemotherapy. Do not forget to re- 
assess patients radiographically after the initial treat- 
ment is over. 
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KEY WEB LINKS 


Information on those with 11p deletion/WAGR 
Syndrome and Wilms’ Tumor 
http://www.wagr.org/home.html 


Treatment recommendations for neuroblastoma 
by the National Cancer Institute 
http://www.cancer.gov/cancertopics/pdq/treatment/ 
neuroblastoma/HealthProfessional/page1 


European Association of Urology’s guidelines on 
testicular cancer 
http://www.urosource.com/fileadmin/user_upload/ 
Guidelines/22891_Testicular_Cancer.pdf 


CASE STUDY 


A 2-year-old male presents to your office with a left- 
sided palpable testicular mass that was discovered by his 
pediatrician during a well-child visit. 

The child was born full term with bilateral descended tes- 
tes. The child’s medical history is otherwise unremarkable. 
Physical examination reveals a healthy, alert, and cooperative 
young boy with a soft abdomen and a visibly enlarged left 
hemiscrotum secondary to a palpable testicular mass. 

An ultrasonogram revealed a 12-mm well-circumscribed 
intratesticular mass with internal echoes. A serum AFP was 
found obtained and found to be 6 ng/mL (normal). 


Multiple choice questions 


1 


2 


The most likely diagnosis in this patient is 
a Hydrocele 

Teratoma 

Yolk sac tumor 

Leydig cell tumor 

Orchitis 


oana o 


The most likely place for a testicular neoplasm to 


metastasize among children of this age is 


3 


a Brain 

Liver 

Retroperitoneal Lymph Nodes 
Lungs 

Kidney 


oana 


All of the following findings would preclude the 


patient from undergoing a testis-sparing excision of 
his testicular mass except: 


An elevated AFP 

Yolk sac tumor on frozen section 

Adjacent postpubertal testicular parenchyma 
A solitary lung metastasis 

Testicular microlithiasis 


oad or 
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KEY POINTS 


The defect of classic bladder exstrophy (CBE) includes an 
exposed bladder, vesicoureteral reflux, externally rotated 
pelvis, and genital abnormalities. 

Epispadias can range from a misplaced or widened 
urethra to one that is splayed to the bladder neck. 

Goals of reconstruction for CBE, epispadias, and cloacal 
exstrophy are renal preservation, continence, and 
functional and cosmetic genitalia. 


e While some children will become dry with closure or 
bladder neck reconstruction, others will require continent 
urinary diversion. 

e Long-term concerns include bladder cancer, 
urolithiasis, or metabolic consequences from bladder 
augmentation. 


CASE STUDY 


A full-term infant with a prenatal diagnosis of bladder 
exstrophy is born via spontaneous vaginal delivery. On 
evaluation, there are no palpable gonads and a vaginal 
orifice is visualized. On initial evaluation, her bladder 
seems large but polypoid. The umbilical clamp is removed 
after tying it with two 0 silk sutures (Figure 32.1). An ul- 
trasound of her spine reveals no abnormalities. A pelvic 


X-ray reveals a 3.5 cm pubic diastasis (Figure 32.2). She 
is taken to the operating room on the second day of life 
for examination under anesthesia, with hopes of closing 
her bladder without osteotomies. Her bladder is not pli- 
able enough to close without tension, thus you remove 
the polyps and plan for examination under anesthesia in 
4 months. 


Classic bladder exstrophy 
Epidemiology 


Classic bladder exstrophy (CBE) has an incidence 
of around 1:40,000 live births, roughly equivalent 
male:female. Risk factors include family history, 
advanced maternal age, Caucasian race, and in vitro 
fertilization [1]. 


Embryology 


Failure or incomplete movement of lateral body wall 
folds toward the midline results in lack of fusion 
and an abdominal wall defect with protrusion of the 


bladder [2]. 
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Figure 52.1 Exstrophy bladder (See also Plate 32.1) 


Anatomy 


The defining feature of CBE is that the bladder opens to 
the abdominal wall (Figure 32.1). The size of the blad- 
der template and potential presence of polyps impact 
surgical decision making. Lack of ureteral obliquity on 
entering the bladder leads to vesicoureteral reflux [1]. 
Concomitant renal anomalies are seen in 2.8% [3]. 

The genital structures are also affected. In males, 
the penis has shorter, wider corporal bodies with 
widely separated crural attachments secondary to 
pubic diastasis. There is prominent dorsal chordee 
and a shortened urethral groove [1, 4]. The testicles 
are frequently undescended. While of normal size, 
the prostate does not wrap around the urethra [1]. In 
females, the vagina is shorter [1], and uterine prolapse 
is common, especially without adequate pubic sym- 
physis approximation [5]. 

Skeletal anomalies include an externally rotated 
pelvis with widened pubic diastasis (Figure 32.2). 
There is also an increased risk of spinal abnormali- 
ties and patellofemoral instability [6]. Concomitant 
colorectal anomalies, including imperforate anus, rec- 
tal stenosis, and rectal prolapse are seen in 1.8% [7]. 
In addition to the midline fascial defect [2], indirect 
inguinal hernias are common [1]. 


Prenatal diagnosis 


The diagnosis of exstrophy can be made prenatally. 
Suggestive ultrasound findings include absence of the 
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Figure 32.2 Plain film demonstrating widened pubic 
diastasis. 


bladder, low umbilicus, widened pubic rami, small 
genitalia, and lower abdominal mass [1]. 


Management 


After birth, a plain X-ray and renal ultrasound are 
obtained to assess the pubic diastasis and kidneys. 
The bladder is protected with saline irrigation and 
nonadherent plastic wrap until closure [1]. 

The goals of reconstruction are to secure abdomi- 
nal closure, urinary continence, preservation of renal 
function, and functional and cosmetic external geni- 
talia [1]. In the modern staged repair of exstrophy 
(MSRE), closure occurs at birth or when the bladder 
size permits. In males, the epispadias is repaired at 
6-12 months of age. When the child desires conti- 
nence and is willing to participate in a voiding/cathe- 
terizing program, bladder neck reconstruction (BNR) 
or diversion is performed [8]. Closure success rates 
of >95% [9, 10] and minimum 3-hour daytime dry 
periods in 72-96% of patients with BNR [11-14] are 
reported. 

The complete primary repair of exstrophy (CPRE) 
includes BNR and epispadias repair at the time of 


269 


SECTION 7 CONGENITAL AND ACQUIRED DISEASE 


closure [15]. Many patients will require additional pro- 
cedures [16]. Closure success rates of 69-100% [17-19] 
and minimum 3-hour daytime dry periods in 19-78% of 
patients [16, 18] after closure and/or BNR are reported. 

Radical soft tissue mobilization is an alternative 
three-stage procedure that avoids osteotomy. The 
ischial and pubic periosteum are elevated, mobilizing 
the attachments of the sphincter muscles and neuro- 
vascular structures, and wrapping them around the 
neourethra [20]. A closure success rate of 81% [20] 
and minimum 3-hour daytime dry periods in 35-37% 
of patients [20, 21] are reported. 

Urologic complications of closure include failure 
(dehiscence, prolapse, vesicocutaneous fistula), pos- 
terior bladder outlet obstruction, urethrocutaneous 
fistula, premature tube/stent removal, and intrapubic 
stitch erosion [22]. 

Osteotomies may be used with MSRE or CPRE 
[6] and are recommended with closure after 72 
hours or pubic diastasis >4 cm [23]. Types of oste- 
otomies include posterior iliac, anterior iliac, com- 
bined anterior and posterior (horizontal and verti- 
cal), anterior pubic, posterior resection, and anterior 
diagonal. Nonabsorbable suture or internal hardware 
is typically used to reapproximate the symphysis. 
After surgery, modified Bryant’s traction, external fix- 
ation with modified Buck’s traction, spica casting, or 
mummy wraps may be used for immobilization [6]. 

Complications from osteotomy include urethral 
obstruction by suture/hardware, pelvic asymmetry, 
nerve palsies, osteotomy delayed or nonunion, gait 
abnormalities, leg length inequality, persistent pain, 
osteomyelitis, hardware migration, or skin erosions. 
Pin site infections, pressure ulcers, and compartment 
syndrome may result from immobilization [6, 22]. 

In the long term, osteotomies may not affect ortho- 
pedic outcomes positively or negatively. Pubic dia- 
stasis increases regardless of whether osteotomy was 
performed. Most children have normal activity/sports 
participation regardless of osteotomy, although oste- 
otomy may decrease risk of later hip dysplasia and 
osteoarthritis [6]. 


Continence 


Occasionally, continence may result from closure alone 
in MSRE or CPRE [14, 16]. Otherwise, BNR, some- 
times with bladder augmentation (BA) and appendi- 
covesicostomy, or continent urinary diversion with 
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bladder neck transaction may be necessary [11]. Suc- 
cessful initial bladder closure [12] and bladder capac- 
ity of at least 100 mL [23] are critical to the success 
of BNR, while previous attempts at BNR negatively 
influence voided continence [14, 24]. Following 
BNR, there is an initial improvement over 1-2 years 
[13], although some authors suggest that continence 
is mostly achieved in adolescence [25]. Patients may 
experience bladder function deterioration and require 
later repeated reconstruction [14, 26]. 


Long-term complications 


The relative risk of developing bladder cancer may 
be 700x and relative risk of death from cancer up 
to 65x that of general population. Some reconstruc- 
tive approaches are linked to cancer risk. Procedures 
that store urine and stool concomitantly, like uret- 
erosigmoidostomy, have long been associated with 
increased risk of malignancy [27]. BA is debated to 
increase risk, but other risk factors, including exstro- 
phy, tobacco, or immunosuppression are probable 
confounders and augmentation is unlikely to further 
increase the risk [28]. 

Urolithiasis is another long-term complication. 
BA, BNR, cloacal exstrophy [29], and catheterizing 
through a continent stoma [30] increase the risk, as 
do risks present in the general population, such as 
urinary tract infection, foreign body, and urinary sta- 
sis [29]. Recurrence rates of nearly 40% have been 
reported, typically associated with urinary tract infec- 
tion and struvite stones [29]. Reservoir stones may be 
prevented with irrigation protocols that include nor- 
mal saline and/or antibiotic solutions [30]. 

There can be significant metabolic sequelae to 
BA. Metabolic acidosis can cause fatigue, anorexia, 
weight loss, polydipsia, and lethargy. Treatment 
options include sodium bicarbonate, sodium citrate, 
or citric acid solutions, + for bone loss. There may 
be decreased linear growth. Bone demineralization 
and osteomalacia are treated with calcium and vita- 
min D. Patients with gastric segment reconstruction 
are at risk of dehydration and metabolic alkalosis. 
Those with an ileal augment could develop vitamin 
B12 deficiency, with megaloblastic anemia and neu- 
rologic damage, if there was excessive terminal ileal 
resection. This is treated or prevented with monthly 
intramuscular B12 injections [31]. Hypokalemia and 
hyperammonemia syndrome are also reported [31]. 


Penile loss of the corporal bodies and/or glans is a 
potentially devastating consequence. Most reported 
cases occur in patients undergoing radical soft tissue 
mobilization or CPRE [32-34]. It is caused by penile 
ischemia at the time of closure or epispadias repair with 
damage to the pudendal or accessory vessels, or vessel 
compression by pubic apposition [32]. 


Epispadias 
Definition 


In males, epispadias can range from dorsal malpo- 
sitioning of the urethra on the glans with an intact 
sphincter to a penopubic defect with a splayed sphinc- 
ter and incontinence [23]. Patients with distal glans 
epispadias may have an abnormal bladder neck and 
posterior urethra with incontinence despite a seem- 
ingly complete urethra [35]. The penile deformity 
includes dorsal chordee and penile shortening [23]. 


Epidemiology 


Epispadias occurs at an incidence of 1:117,000; 70% 
of cases are complete epispadias with incontinence [23]. 


Associated anomalies 


A widened pubic diastasis and vesicoureteral reflux 
are frequently identified [23]. 


Management 


Continence with preservation of upper tracts and 
functional and cosmetic penile reconstruction are 
the reconstructive goals [23]. The staged approach 
includes early urethroplasty, followed by BNR for 
continence [23]. 

One reconstructive option is the modified Cantwell- 
Ransley epispadias repair. The urethral plate is dis- 
sected off of the corpora proximally but remains in 
continuity with the distal glans. The urethra is tubu- 
larized, and the corporal bodies are rotated medially 
over the urethra [1]. In complete penile disassembly, 
another option, the urethral plate is completely sepa- 
rated from each hemicorpus and hemiglans, and the 
corporeal glanular bodies are separated from each 
other. The urethral plate is tubularized and brought 
ventral to the corporal bodies. Following penile 
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straightening, if the meatus does not reach the glans, 
it is matured to the ventral aspect of penis, creating a 
hypospadiac meatus. Finally, the glansplasty is com- 
pleted [36]. For both options, surgical complications 
include urethral fistula, stenosis, residual penile cur- 
vature, and persistent incontinence [37]. 

With epispadias, adequate bladder capacity is the 
major predictor of voiding continence [23]. Urethro- 
plasty before 12 months of age may enable higher blad- 
der capacities, while urethroplasty after 29 months of 
age may negatively impact bladder growth [38]. 


Outcomes 


Over 70% of patients achieve continence [23, 39]. 
Penile reconstruction enables most patients to achieve 
straight penis with normal erectile function, with 
~80% of those patients reporting satisfactory inter- 
course [23]. 


Female epispadias 


Female epispadias is rare, with an incidence of around 
2:1,000,000 [23]. The urethra may be patulous, split 
dorsally along most of the urethra, or split along the 
entire urethra including a gap in the sphincter. There 
is a bifid clitoris, depressed mons with nonhair-bear- 
ing skin, and diminutive labia minora with little to no 
clitoral hood [23]. Vesicoureteral reflux is common, 
as is a widened pubic diastasis [23]. 

As in boys, goals of therapy include continence 
with preservation of renal function, and functional 
and cosmetic external genitalia [23]. In single-stage 
reconstruction, urethroplasty and bladder neck plica- 
tion (with or without cystoscopic guidance) are per- 
formed simultaneously [40-42]. In staged reconstruc- 
tion, urethroplasty and feminizing genitoplasty are 
performed early to help increase bladder capacity for 
later BNR and ureteral reimplantation. Continence 
rates >85% are reported [23]. 


Cloacal exstrophy 
Epidemiology 


Cloacal exstrophy occurs at an incidence of 1:200,000 
to 1:400,000 live births [43] and a roughly equivalent 
male:female [23]. Historically, there was a very high 
mortality rate with only 22% survival reported in the 
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1960-1970s [43]. Currently over 90% survive, thus 
current goals include urinary continence, ambulation, 
and improved cosmesis [44]. 


Prenatal diagnosis 


Prenatal diagnosis is important as some parents elect 
termination or seek centers of excellence [45, 46]. Ultra- 
sound findings include nonvisualization of the bladder, 
omphalocele, myelomeningocele, lower limb deformi- 
ties, renal anomalies, and hydrocephalus [1, 45]. 


Anatomy 


There are typically two exstrophied hemibladders, with 
an intervening exstrophied intestinal segment [23]. 
40-60% of patients have renal anomalies [23]. Males 
often have complete separation of the phallic halves, 
undescended testes, and inguinal hernias. Females have 
a widely separated bifid clitoris; there may also be Miil- 
lerian anomalies [23]. Two defining gastrointestinal 
findings are imperforate anus [23] and omphalocele 
[23, 44]; malrotation [23], a hindgut remnant [47], 
duplication anomalies [23], and short gut syndrome 
[47] may also be present. Bony anomalies are more 
severe than in CBE and may include extreme pubic dia- 
stasis and pelvic external rotation [48], vertebral mal- 
formation, scoliosis, club foot, limb length discrepancy, 
and limb deformities [46]. Spinal abnormalities, such as 
spina bifida, sacral agenesis, or tethered cord [46], are 
common. Less commonly, hydrocephalus, Chiari mal- 
formation, and craniosynostosis may occur [46]. 


Common surgeries 


Urologically, MSRE and CPRE are both employed in 
the management of cloacal exstrophy [23]. The use of 
staged osteotomy with external fixation and gradual 
apposition of the pubic bones is recommended [49]. 
Most patients will require continent urinary diver- 
sion, as opposed to BNR, for continence [6]. Imper- 
forate anus management options include end ileos- 
tomy, end colostomy from tubularized cecal plate, or 
hindgut pull-through procedures [47]. Additionally, 
gastric segments, small bowel, and hindgut are used 
for genitourinary reconstruction [23, 47]. Orthopedic 
procedures, such as spinal fusion, club foot proce- 
dure, or amputation [46], may be necessary. At birth, 
neurosurgery takes precedence, specifically closure of 
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spinal defects or shunts. Laminectomy, excision of 
cord lipoma, cranial expansion, and cervicomedullary 
decompression may also be necessary [46]. 


Gender reassignment 


Traditionally, pediatric urologists performed gender 
reassignment on 46XY cloacal exstrophy patients 
because of severe penile deformity. Currently, most 
prefer male gender assignment secondary to testos- 
terone imprinting during development. Males may 
expect fertility if they avoid gonadectomy and utilize 
assisted reproductive technology. Despite female gen- 
der of rearing, genetic males may reassign their gender 
as they get older or have unclear sexual identity [50]. 


WHAT TO AVOID 


Closing the bladder and abdominal wall under ten- 

sion. 

e Compromising penile blood flow by damaging or 
compressing pudendal or accessory vessels. 

e Losing patients to follow up and missing late compli- 

cations such as neoplasm, urolithiasis, or metabolic 

derangements. 

Missing the diagnosis of female epispadias in a female 

with persistent continuous incontinence. 

Underevaluating patients with cloacal exstrophy; early 

involvement neurosurgery, orthopedics, and general 

surgery is recommended. 

Performing irreversible procedures, like gonadectomy, 

on 46XY cloacal exstrophy patients without ade- 

quately counseling the family. 


KEY WEB LINKS 


Association of Bladder Exstrophy Community 
http://www.bladderexstrophy.com/ 


Bladder Exstrophy AUA Foundation Information 
Page 

http://www.urologyhealth.org/urology/index. 

cfm ?article=91 


Epispadias AUA Foundation Information Page 
http://www.urologyhealth.org/urology/index. 
cfm ?article=126 


Cloacal Exstrophy AUA Foundation Information 
Page 

http://www.urologyhealth.org/urology/index. 

cfm ?article=92 


Multiple choice questions 


1 A neonate with classic bladder exstrophy is trans- 
ferred to your institution on the second day of life. 
After your examination of the infant and pertinent 
radiographic studies, you tell the team which of the 
following finding will preclude your ability to close 
the bladder immediately without osteotomies. 

a Age 

b Small bladder template 

c Pubic diastasis of 3.5 cm 

d Creatinine 0.8 

e Minimal bladder polyps 


2 A 4-year-old girl who is interested in being dry 
is brought to your clinic for consideration of BNR. 
She was closed successfully at 24 hours without 
osteotomies and was immobilized with spica casting. 
Her most recent bladder capacity was 70 mL. Which 
characteristic makes successful BNR least likely? 

a No osteotomies at closure 

b Spica casting immobilization 

c Age 

d Gender 

e Bladder capacity 


3 An 8-year-old incontinent boy whose CBE was 
closed at birth with osteotomies and underwent epis- 
padias repair at 1 year is referred to your clinic to 
discuss the next step. His mother is unsure of his blad- 
der capacity. Which of the following reconstruction 
options would not be an option for this patient? 
a BNR 
b BNR with appendicovesicostomy 
c BNR with augmentation and 
appendicovesicostomy 
d Bladder neck transection with augmentation 
and appendicovesicostomy 
e Ileal conduit urinary diversion 
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Answers to multiple choice questions 


1 b A sufficient bladder template is required for 
immediate closure. Small templates should be 
kept moist with saline and protected with nonad- 
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herent plastic wrap until large enough to close. 
Age <72 hours, a pubic diastasis that can be reduced 
without tension, and good bladder quality are also 
important considerations when deciding upon timing 
of closure and use of osteotomies. Creatinine in the 
immediate postoperative period reflects maternal cre- 
atinine and does not impact your decision in this case. 
2 e Bladder capacity in a patient with a success- 
ful primary closure is a key determinant of even- 
tual continence, with a suggested minimum capac- 
ity of 100 mL prior to reconstruction. Choice of 
osteotomy and immobilization method at closure 
are inconsequential in a successful closure. While 
she may take longer to develop continence, her age 
does not make it less likely. In general, females with 
exstrophy are thought to have better continence 
rates than males, with some achieving continence 
without BNR. 

3 e In the absence of significant renal dysfunction or 
other mitigating medical/social/mental circumstance, 
the goal of reconstruction should be continence, rath- 
er than incontinent diversion. 
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KEY POINTS 


e The aim of urinary reconstruction in the child is to 
emulate the storage and emptying patterns of the 
normal bladder: low pressure storage, a large capacity 
reservoir with a good compliance, and (when possible) 
spontaneous voiding. 

Patients best suited for a bladder neck reconstruction are 
those with an incompetent bladder neck. 

The goal of augmentation cystoplasty is to create a low 
pressure, large capacity, and compliant reservoir for 


adequate storage of urine while protecting the upper 
urinary tracts. 

The type of reconstruction offered to a patient and 
family needs to take into consideration the patient's 
intelligence and capability as well as the commitment 
and compliance with medical care to maintain the 
reconstruction. 


CASE STUDY 


A 16-year-old male presented with acute onset of abdomi- 
nal pain, nausea, emesis, anorexia, and fever. He was born 
with bladder exstrophy—epispadias syndrome and had un- 
dergone neonatal closure of the bladder, followed at the 
age of 10 years by an ileocystoplasty with a Young—Dees 
bladder neck reconstruction (BNR) and catheterizable ap- 
pendicovesicostomy. He occasionally voided spontaneous- 
ly with a weak stream, and performed self-catheterization 
2-3 times daily. The patient admitted that he had stopped 
catheterizing 2 weeks before his symptoms began and re- 
lied upon spontaneous voiding. 

The patient was in mild distress, but alert and oriented. 
He was febrile, with generalized abdominal pain and 
guarding, but no distinct rebound tenderness. A catheter 
was placed in the Mitrofanoff, and CT with intravesical 
contrast revealed extravasation. He was taken to operat- 
ing room urgently, and on exploration, was noted to have 
a large loculated collection of cloudy fluid in the left pelvic 


gutter. A 2 cm rupture was found in the posterolateral por- 
tion of the augmented bladder in the area of the apparent 
scar from the cystostomy of his original ileocystoplasty 
operation. The bladder was repaired with 3-0 vicryl su- 
ture in two layers; one catheter was left in the appendi- 
covesicostomy, and another left in a separate cystostomy 
through a different opening. A Jackson—Pratt drain was 
placed in the left abdominal gutter. 

The patient was continued on intravenous broad- 
spectrum antibiotics postoperatively. On the basis of cul- 
ture sensitivities, the patient was switched to intravenous 
moxifloxacin for 48 hours on postoperative day 6. Nine 
days after surgery, the patient was discharged on oral 
moxifloxacin 400 mg twice daily for 14 days A cystogram 
on postoperative day 23 showed no extravasation, so the 
appendicovesicostomy catheter was removed, followed by 
the suprapubic catheter 5 days later. The patient was coun- 
seled to catheterize four times daily. 
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Bladder neck reconstruction 


The goal of BNR is to construct an outlet that provides 
enough resistance to achieve continence but does not 
obstruct the urinary tract. Many procedures including 
diversions will render the majority of patients continent, 
so it is important to properly select patients for a BNR. 
Patients best suited for a BNR are those with an incom- 
petent bladder neck; pathologic diagnosis may include 
neurogenic dysfunction, exstrophy, and ureterocele [1]. 


Patient evaluation 


First, the patient and family must be evaluated to 
ensure that they are compliant and willing to main- 
tain the reconstruction. The commitment and ability 
to catheterize and to support the child through the 
learning process are essential for a successful post- 
operative procedure. The patient’s long-term manual 
dexterity and intelligence are important to ascertain 
as intermittent self-catheterization (ISC) is required 
immediately after the procedure. There is always a 
chance that the patient may not spontaneously void 
after the procedure. Wheelchair-bound patients may 
benefit from a diversion for easier catheterization [2]. 

A thorough evaluation of the lower and upper 
urinary tracts should also be performed. A voiding 
cystourethrogram (VCUG) detects vesicoureteral 
reflux, and urodynamics reveal the bladder capacity, 
detrusor overactivity, and leak point pressure. These 
parameters will help in surgical options and plan- 
ning; low capacity, compliance, or high storage pres- 
sure bladders may need concomitant augmentation 
cystoplasty. Bladder neck competence cannot always 
be diagnosed by any one modality, although the best 
visual image is given by videourodynamics. 

Upper tract integrity should be assessed by renal 
ultrasound, CT urogram, or intravenous pyelo- 
gram (IVP) to determine the number of kidneys and 
whether they appear normal. Any congenital malfor- 
mations should be known prior to surgical interven- 
tion, to allow for appropriate planning [2]. 


Techniques 


The Young—Dees—Leadbetter repair tightens the blad- 
der neck through the trigone over a silver probe and 
lengthens the urethra by displacing the ureters caudally. 


A fixed point of obstruction is constructed and to void 
the detrusor pressure must exceed that of the obstruc- 
tion; otherwise, catheterization becomes necessary. 
The obstruction remedies the existing problem of the 
incompetent bladder neck. Continence success rates 
range from 57% to 79% with about 10% experiencing 
difficult catheterization postoperatively [2—4]. 

Bladder neck wrap procedures use a demucosalized 
bladder flap or a myofascial sling to wrap around 
the reconstructed urethra for added support. Success 
rates are slightly better. The Kropp procedure creates 
a one-way valve mechanism, similar to antirefluxing 
techniques used for ureteral reimplants, by tabulariz- 
ing an anterior bladder flap and reimplanting it in the 
posterior trigonal area [2]. 


Augmentation cystoplasty 


The goal of augmentation cystoplasty is to create a low 
pressure, large capacity, and compliant reservoir for 
adequate storage of urine without subjecting the upper 
urinary tracts to increased pressure. Patients experienc- 
ing incontinence are evaluated for urodynamic param- 
eters to evaluate for capacity, compliance, and detrusor 
pressures. Cystoplasty involves bivalving of the blad- 
der muscle and then insertion of the intestinal segment; 
therefore, patients require ISC postoperatively as the 
detrusor muscle can no longer produce coordinated con- 
tractions, although phasic contractions will occur and 
may be interpreted as overactivity on cystometry. 

A proper evaluation consists of urodynamics, upper 
tract imaging, and voiding cystography if hydrone- 
phrosis is detected and routine bloodwork to reveal 
any level of renal insufficiency or metabolic derange- 
ment (i.e., acidosis) that may affect postoperative 
management. A mechanical bowel preparation to 
decrease bacterial exposure during surgery and par- 
enteral antibiotics is preferred. Urine specimen should 
be taken to ensure sterile urine. 


Techniques 


In the pediatric patient, the native bladder does not 
routinely need to be resected; instead it is bivalved 
anteriorly a few centimeters from the bladder neck 
to the posterior trigonal area. The bowel segment is 
selected based on the mobility and adequate blood 
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supply. Once the selected segment is detubularized it 
is sewn onto the bivalved bladder to emulate a sphere, 
such as to blunt contractions and to increase the stor- 
age of the reservoir as best as possible. 

Ileum, the most commonly used section of the 
bowel, is the most compliant and has good mobility. 
The advantage of an ileocecocystoplasty is the reliable 
blood supply from the ileocolic artery. However, the 
loss of the distal portion of the ileum can result in a 
vitamin B12 deficiency and the loss of the ileocolic 
valve may cause the patient to experience clinically 
significant diarrhea. 

The sigmoid cystoplasty is favored in patients with 
spinal dysraphisms that result in neuropathic bowels 
because the sigmoid in these patients tends to be dilated 
and redundant. The gastrocystoplasty uses the stomach 
as the intestinal segment, taking 10-15 cm of the greater 
curvature of the stomach and leaving the lesser curva- 
ture intact such as not to damage the vagus innervation. 

Postoperative care includes continuous urinary res- 
ervoir drainage for 4 weeks, H2 blockers for gastro- 
cystoplasty, daily bladder irrigation, and maintenance 
ISC for life. Long-term follow-up include annual 
renal ultrasounds, abdominal ultrasounds for stone 
disease, and electrolytes. At 5 years postoperatively, 
annual cystoscopy and urine cytologies should be ini- 
tiated to screen for malignancy [1, 2]. 


Complications 


Intestinal segments continue to produce mucus with 
the stomach producing the least and the colon making 
the most. Excess mucus can interfere in the patient’s 
ability to empty the reservoir well, requiring the imple- 
mentation of a lifelong regimen of bladder irrigation. 
Urinary stasis, abnormal urinary pH, and citrate lev- 
els, and foreign body exposure all contribute to the 
risk of urinary tract infection and stone formation. 
Bacteriuria occurs routinely in those who practice ISC 
and should only be treated if the patient has symp- 
toms to suggest an infection. Metabolic complications 
are the most important to monitor for during both 
the perioperative period and long-term follow-up. 
The ileum and colonic segments continue to absorb 
ammonium, hydrogen ions, and chloride while secret- 
ing bicarbonate which can result in hyperchloremic 
acidosis. Incomplete bladder emptying increases the 
time of exposure of the urine to the bowel segment, 
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and can worsen the metabolic derangement. The body 
may compensate for the acidosis by using inorganic 
salts from bones as a buffer, causing bone deminer- 
alization. Annual screening and appropriate bicarbo- 
nate repletion are essential for bone health. Gastric 
segments secret hydrogen ions and chloride, which 
increases bicarbonate levels resulting in a hypoka- 
lemic, hypochloremic alkalosis. Hematuria dysuria 
syndrome is seen in patients with gastrocystoplasties, 
consisting of bladder spasms, dysuria, suprapubic 
pain, gross hematuria, and perineal skin irritation 
from acidic urine [2]. 

Bladder perforation is a serious, relatively rare 
complication associated with lack of proper drain- 
age, best diagnosed early and managed with defini- 
tive treatment. Patients typically present with acute 
abdominal pain. Diagnostic modalities include cysto- 
gram and CT cystogram. 

The risk of malignancy in the augmented bladder 
with intestine has been debated and the data are con- 
flicting [5, 6]. Nevertheless, for augmentations the 
recommendation is annual screening with cystoscopy 
and cytology beginning 5 years after surgery. 


Continent diversions 


A continent urinary diversion completely replaces the 
bladder and serves as a low pressure, compliant urinary 
reservoir with a catheterizable stoma for emptying. Indi- 
cations include conditions for which the native bladder is 
completely dysfunctional or requires removal for malig- 
nancy. The patient evaluation is similar to that required 
of those undergoing augmentation as the same commit- 
ment to maintenance if the reconstruction applies. 


Techniques 


The Kock pouch is a reservoir made of about 80 cm 
of ileum (tailored to the size of the patient) with the 
continence mechanism made by a nipple valve fash- 
ioned with staplers. The distal 12-15 cm is used to 
make a stoma for catheterization. The gastroileal 
pouch uses both stomach and ileal segments, which 
makes the reconstruction more complicated, and 
offsets the metabolic derangements that occur with 
one or the other bowel segment. For patients who 
are at risk for short gut syndrome, this technique is 
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the preferred continent diversion because less of the 
absorptive bowel is disconnected. 

The Indiana pouch uses the distal ileum and the 
cecum. The cecum becomes the reservoir and the ure- 
ters are implanted into it, while the distal ileum becomes 
the catheterizable stoma. In this technique, the ileoce- 
cal valve is intact therefore assisting in the continence 
mechanism. Although this reconstruction is quite popu- 
lar in adults, it is not used in children as much given the 
complications of vitamin B12 deficiency and diarrhea. 

The MAINZ pouch is composed of ileum and cecum 
but uses two limbs of distal ileum. It has been applied 
to orthotopic diversions, augmentations, and continent 
diversions. The catheterizable stoma is made based on the 
Mitrofanoff principle. The channel must be implanted 
submucosally with adequate muscle backing so that it 
acts as a valve making the stoma continent. The channel 
should have a straight and direct route to the reservoir 
with a short intra-abdominal segment [1, 2]. 


Conclusion 


The aim of urinary reconstruction in the child is to emu- 
late the normal storage and emptying patterns that are 
afforded by the normal bladder; low pressure storage, 
large capacity reservoir with a good compliance, and 
if possible spontaneous voiding. There are numerous 
techniques available to reconstruct the native bladder 
or a neobladder, the most important factors in deciding 
which reconstruction to offer a patient are quality of 
life and commitment to long-term maintenance. 


WHAT TO AVOID 


e Evaluate upper tracts routinely throughout the pa- 
tient’s life. 

e Monitor for vitamin B12 deficiency during long-term 
follow-up, especially if the reconstruction included the 
distal portion of the ileum. 

e Children do NOT routinely need removal of diseased 
bladder unless there is a malignancy. 


Multiple choice questions 


1 Urinary tract reconstruction for continence requires: 
a Normal upper urinary tract 
b Compliant bladder 


c Acceptance and compliance with intermittent 
catheterization 
d VCUG 
2 A good preoperative evaluation can avoid which 
complication associated with bladder neck repair? 
a Cystitis 
b Unmasking of detrusor hostility causing upper 
tract changes 
c Urolithiasis 
d Need for augmentation cystoplasty 
e Inability to void 
3 To minimize uninhibited contractions during an 
enterocystoplasty and for the remainder of the recon- 
struction: 
a Use large bowel exclusively. 
b Create a stellate incision into the bladder 
to increase the circumference of the bowel 
anastomosis. 
c Reconfigure the bowel segment. 
d Excise the diseased bladder. 
e There is no way of minimizing the phasic 
contractions of the bowel. 
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KEY POINTS 


Diabetes mellitus is the most common cause of end-stage 
renal disease (ESRD) in the adult population. Other causes 
include hypertension and glomerulonephritis. 

Renal donors and recipients should be screened for renal 
disease, malignancy, and active infection. 

The technical goals for the donor operation are to 
decrease ischemia time and preserve ureteral blood 
supply and renal vessel length. 


e Major histocompatibility complex (MHC) is a protein 
that is expressed by all nucleated cells and allows 
for recognition of self and non-self by the immune 
system. 

e Three classes of immunosuppressants are used most 
commonly to prevent rejection: calcineurin inhibitors, 
steroids, and antiproliferative agents. 


CASE STUDY 


A 45-year-old woman with a history of end-stage renal 
disease (ESRD) secondary to poorly controlled diabetes 
mellitus returns for a follow-up 4 months after under- 
going autologous renal transplantation. She has been 
compliant with following up with her endocrinologist 
since surgery. She received a living donor transplant and 
has been maintained on tacrolimus, CellCept, and pred- 
nisone. On routine laboratory test, her serum creatinine 


is 2.5 mg/dL. Postoperatively her creatinine nadir was 
0.9 mg/dL and at her last clinic visit 1 month prior to 
it was 1.1 mg/dL. Her tacrolimus level is found to be 
subtherapeutic. The patient admits to not filling her tac- 
rolimus after a financial crisis in the family; she has been 
taking only half the dose of the tacrolimus in order to 
make it last longer. A renal biopsy demonstrates acute 
rejection. 


End-stage renal disease 


End-stage renal disease (ESRD) is defined as a glo- 
merular filtration rate (GFR) <10 mL/min or serum 
creatinine >8 mg/dL [1]. At such a low GFR, the kid- 
neys are no longer able to maintain electrolyte and 
water homeostasis in the body, requiring a form of 
renal replacement therapy. According to the US Renal 


Data System, in 2009, the US incidence and preva- 
lence of ESRD were 115,705 and 2.2 million cases, 
respectively. Diabetes mellitus is the most common 
cause of ESRD followed closely by hypertension and 
glomerulonephritis [2]. 

The two types of renal replacement therapy are dial- 
ysis and renal transplantation. Half of the adult popu- 
lation with ESRD is treated with dialysis; children are 


Handbook of Urology, First edition. J. Kellogg Parsons, John B. Eifler and Misop Han. © 2014 by John Wiley & Sons, Ltd. 


Published 2014 by John Wiley & Sons, Ltd. 


CHAPTER 34 END-STAGE RENAL DISEASE AND TRANSPLANTATION 


more likely to receive transplantation. In the United 
States, renal transplantation is considered a standard 
of care for ESRD, and with expanded donor crite- 
ria, donated kidneys are matched to individuals who 
will be the most compatible recipients [1]. Cadaveric 
donor and living donor transplants have both been 
shown to improve quality of life and survival [1, 2]. 


Transplantation 
Recipient evaluation 


The diagnosis of ESRD makes a patient eligible for an 
evaluation for a renal transplant, but does not guar- 
antee acceptance onto the waiting list to receive an 
organ. Factors taken into consideration include infec- 
tion status, malignancy, obesity, compliance issues, 
substance abuse, and ability to withstand surgery [1]. 
Any active infection must be addressed prior to the 
transplantation. Pulmonary, dialysis access catheter, 
and urinary tract infections must be properly treated. 
CMV, HIV, HBV, HCV and, in children, EBV status 
should be investigated. 

Patients with invasive malignancies can be consid- 
ered for transplantation if they remain disease-free for 
2-5 years following definitive treatment. Patients with 
low-grade and noninvasive disease can wait a shorter 
period of time, but this may need to be individualized 
to the type of malignancy and patient [3]. 

A number of factors increase perioperative morbid- 
ity and mortality, including cardiac disease, cerebro- 
vascular disease, obesity, smoking, diabetes, and pul- 
monary disease. Patients with a history of any of the 
above and those older than 50 years should undergo 
a complete cardiac workup. Those who are smok- 
ers should be counseled to stop, especially in those 
with preexisting cardiovascular disease, as smoking 
increases the risk of posttransplant allograft loss [4]. 

Those with a history of substance abuse must 
undergo treatment and complete toxicology screening 
to be eligible for transplantation. For those with a his- 
tory of alcohol dependency, alcohol should be discon- 
tinued for a period of at least 6 months prior to con- 
sideration. Financial and psychosocial consultations 
are usually provided to ensure that the patient has an 
intact support system and has a desire to be compliant 
with the postprocedural follow-up and maintenance. 

Patients are screened for a few preexisting condi- 
tions that can decrease the likelihood of successful 


transplantation. Patients with known lower extrem- 
ity vascular disease or abdominal or pelvic vascular 
surgery should have a diagnostic study to evaluate the 
vessels and determine the optimal location of renal 
revascularization. Doppler ultrasound is sufficient in 
most cases, but in complex cases, arteriography can 
be used to determine an alternate location as neces- 
sary. Renal thrombosis causes 2-7% of renal allograft 
loss in adults and 35% in children [5]. Predisposing 
causes include nephrotic syndrome, previous renal 
thrombosis, previous vascular access thrombosis, and 
antiphospholipid antibodies. Treatment for throm- 
bophilias may involve intraoperative heparin and 
prophylactic subcutaneous heparin in the immediate 
postoperative period; longer-term management with 
warfarin may be required. 

It is not uncommon for patients with ESRD to have 
anuria or oliguria and therefore a defunctionalized 
bladder prior to transplantation. A few weeks after 
transplantation, the majority of these bladders will 
regain a normal function and capacity [1]. In those 
that do not, techniques to create a low pressure, nor- 
mal capacity bladder may be used without compro- 
mising the allograft [6]. Transplants have been suc- 
cessful in adults and children with urinary reservoirs 
or intestinal conduits [7, 8]. Men with bladder outlet 
obstruction secondary to benign prostatic hyperplasia 
may require medical or surgical treatment once the 
bladder begins to cycle again. 

Pre-transplant nephrectomy is indicated in patients 
with grade IV or V hydronephrosis, large infected 
renal stones, solid renal tumors, symptomatic poly- 
cystic kidneys, recurrent pyelonephritis, persistent 
proteinuria, and persistent anti-glomerular basement 
membrane antibody levels. Nephrectomy should be 
done 6 weeks prior to transplant, and the open or 
laparoscopic technique can be used depending on the 
location and size of the kidneys [1]. 


Donor evaluation and selection 


Renal donors should be screened for renal disease, 
any malignancy, and active infection. Deceased 
donors also have specimens collected for histocom- 
patibility testing. Living donors go through a rigor- 
ous preoperative evaluation, the goal of which is to 
screen patients who would have the highest rate of 
normal renal function after nephrectomy and the 
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lowest chance of developing future renal disease. 
Transmissible disease (i.e., malignancy or viral), 
renal disease, mental illness, and a high probability 
of perioperative morbidity or mortality disqualify 
a donor [1]. Diagnostic imaging to evaluate renal 
and vessel anatomy, serologic testing, and glucose 
tolerance test are all done to decrease the chance of 
allograft rejection and contamination and to maxi- 
mize long-term outcomes for the donor. If there is 
a discrepancy in donor kidney function, the less 
functional kidney is donated. In women who wish 
to become pregnant in the future, typically the right 
kidney is donated since it is usually the right side that 
experiences hydronephrosis and pyelonephritis dur- 
ing pregnancy [1]. In all other cases, the left kidney 
is preferred for donation because of the longer renal 
vein, which facilitates the technical performance of 
the operation. Live renal donors need psychologi- 
cal support and long-term follow-up to ensure the 
best medical outcome of unilateral nephrectomy [9]. 
Hyperfiltration injury is commonly seen in donors 
after nephrectomy and these patients should be 
screened for long-term renal dysfunction for appro- 
priate management. 


Surgical technique 


The technical goals for the donor operation are 
to decrease ischemia time, preserve ureteral blood 
supply, and maximize renal vessel length. Ischemia 
time should be minimized with hypothermia, 
which decreases the cellular energy requirement. 
If necessary, vascular reconstruction to ensure 
adequate vessel length for the anastomoses can be 
performed after donor nephrectomy and prior to 
transplantation. 

In adults, the kidney is transplanted via a Gibson 
incision into the extraperitoneal space of the iliac 
fossa. During vascular occlusion, intravenous (IV) 
heparin is administered, and mannitol is given dur- 
ing the vascular anastomosis. If the recipient does 
not have aberrant vascular anatomy, spatial con- 
strictions, or substantial arterial disease, the internal 
iliac artery and the external iliac vein are utilized 
for allograft anastomosis. First the renal artery and 
then the renal vein are anastomosed with nonab- 
sorbable sutures. Mannitol and furosemide are 
administered to decrease reperfusion injury [1]. The 
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ureteroneocystostomy is the last portion of the proce- 
dure and it can be either an antirefluxing or refluxing 
anastomosis. The majority of these are done in an 
extravesical fashion and a ureteral stent is inserted to 
bridge the suture line. 


Immunology and immunosuppression 


Once a renal transplant is performed, immunosup- 
pressive medications are administered to prevent the 
host from rejecting the allograft. T and B cells are 
lymphocytes that drive the immune system to respond 
to antigens that are identified as foreign. T cells have 
a T-cell receptor, which recognizes these antigens 
with the help of an antigen-presenting cell, activat- 
ing the production of cytokines and destruction of the 
infected cells via interactions of cell surface molecules. 
B cells detect antigens via IgM and IgD antibodies on 
the cell surface. Once activated via T-cell signaling, 
B cells produce antibodies that bind to the antigen 
and label it for destruction by the complement sys- 
tem. There is also a nonspecific immunity provided 
by the physical barriers, macrophages, natural killer 
cells, monocytes, and neutrophils. This immunity is 
not enhanced with repeated exposure and remains 
nonspecific, unlike that of T and B cells, which only 
initiate signaling pathways once presented with a very 
specific antigen. 

Major histocompatibility complex (MHC) is a pro- 
tein that is expressed by all nucleated cells and allows 
for recognition of self and nonself by the immune 
system. The MHC molecules are formed by a com- 
bination of many human leukocyte antigens (HLAs) 
to create genetic variability and improve the chances 
of survival against new pathogens. MHC class I anti- 
gens combining HLA A, B, and C are expressed by 
most nucleated cells and bind to the CD8 molecule on 
T lymphocytes to present intracellular peptides. These 
molecules allow the immune system to recognize cells 
that are self, preventing an immune response. MHC 
class II proteins combine HLA DR, DP, and DQ and 
are on the cell surface of antigen-presenting cells, 
dendritic cells, B lymphocytes, macrophages, and 
endothelial cells. ABO blood type is screened in those 
receiving organ transplants; however, HLA screening 
is also performed. The closer the donor organ matches 
the recipient’s immune system, the better chance of 
avoiding graft rejection. 
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Types of immunosuppression 


At the time of transplant, induction therapy in the 
form of antibodies may be utilized to decrease the 
chances of acute rejection. These antibodies block the 
antigens from being recognized by recipient T cells. 

Three classes of immunosuppressants are used 
most commonly to prevent rejection: calcineurin 
inhibitors, steroids, and antiproliferative agents. 
Calcineurin activates T cells by increasing produc- 
tion of interleukin-2. Calcineurin inhibitors such 
as tacrolimus and cyclosporine blunt this response 
in a dose-dependent fashion and prevent rejection. 
Serum levels of these drugs must be monitored care- 
fully to prevent toxicities, which include nephro- 
toxicity, diabetes, hypertension, and hyperlipidemia 
[10]. Steroids interfere with intracellular signaling 
and decrease the production of cytokine gene tran- 
scription [1]. Antiproliferative agents, such as aza- 
thioprine and mycophenolate mofetil, inhibit purine 
synthesis, downregulating the production of lympho- 
cytes. Maintenance therapy traditionally involves one 
drug from all three categories. 

mTOR inhibitors, such as sirolimus, inhibit the 
response of interleukin-2, blocking activation of T- 
and B-cell lymphocytes. There is no nephrotoxicity 
associated with sirolimus; however, myelosuppression 
and hyperlipidemia can occur. An mTOR inhibitor 
can be used in conjunction with calcineurin inhibitors 
or as a substitute [1, 10]. 


Rejection 


There are three types of rejection. Hyperacute rejec- 
tion occurs immediately after the graft is introduced 
into the body and is secondary to preformed antibodies 
in the bloodstream and may lead to graft loss. Acute 
rejection occurs within the first 6 months of transplan- 
tation and affects 30% of recipients. It presents with 
a rapid deterioration in graft function and the diag- 
nosis is confirmed by renal biopsy. The Banff criteria 
are used to score its severity [10]. IV steroids are used 
as first-line treatment for acute rejection. Anti-CD3 
monoclonal antibodies are used as second line, but 
require close monitoring for cytokine reactions. CD4 
staining at biopsy indicates antibody-mediated rejec- 
tion and anti-B-cell therapy or plasmapheresis should 
be utilized [10]. Chronic rejection is the gradual decline 


of graft function may be seen in conjunction with mini- 
mal mononuclear infiltrate, interstitial fibrosis, and 
vascular changes [1]. Prior occurrence of rejection is 
associated with chronic rejection [11]. 


WHAT TO AVOID 


e Patients after diagnosis of malignancy can still be can- 
didates for transplantation if they are malignancy-free 
for 2-5 years. 

e Substance abuse does not exclude from wait list but 
patient must prove that he or she is drug free 

e Vascular anatomy should be screened prior to the pro- 
cedure to optimize surgical outcomes. 

e Left kidneys are preferred when donating, because 
there is a longer renal vein which can be harvested for 
vascular anastomosis. 


Multiple choice questions 


1 The standard method of urinary tract reconstruc- 
tion during renal transplantation is 

a Ureteroneocystostomy 

b Ureteroureterostomy 

c Vesicopyelostomy 

d Cutaneous ureterostomy 


2 The donor renal vein is usually anastomosed to the 
recipient’s 

a Internal iliac vein 

b Posterior gluteal 

c Common iliac 

d Inferior vena cava 

e External iliac vein 


3 Which of the following are common causes of 
ESRD in the United States? 

Hypertension 

Diabetes 

Nephrolithiasis 

A and B 

A, B, and C 


ono oD 
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Answers to multiple choice questions 


1 a Ureteroneocystostomy 


2 e External iliac vein 


3 d AandB 
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a-adrenergic receptor blockers 
(a-blockers) 


Indications: 
e Initial management of patients with BPH as well as 
combination therapy for BPH with 5a-reductase in- 
hibitors, Phosphodiesterase-5 (PDE-5) inhibitors, or 
anticholinergic agents 
e Off-label indications: medical expulsive therapy 
for ureteric stones (tamsulosin), neurogenic bladder, 
radiation-induced urethritis, nocturia (terazosin) 

Mechanism of action: 
e Block sympathetic nervous-system-mediated con- 
traction of smooth muscle cells in the prostate and 
bladder neck 

Side effects: 
e Orthostatic hypotension 
e Fatigue 
e Dizziness 
e Retrograde ejaculation 
e Floppy iris syndrome 

Note: The o;4-adrenergic receptor is most preva- 
lent in the prostate, and œ4a-specific inhibitors have 
been developed (tamsulosin, silodosin). 

Approved agents: 
e Nonselective 

e Terazosin (Hytrin) 

e Doxazosin (Cardura) 

e Alfuzosin (Uroxatral) 


e Selective 
e Tamsulosin (Flomax) 
e Silodosin (Rapaflo) 


5a-reductase inhibitors 


Indications: 

e BPH in men with enlarged gland (>30 cc or PSA 
> 1.5) 

e Male pattern alopecia 

e Off-label indications: hematuria related to BPH, 
prostate cancer chemoprevention, hirsutism 
Mechanism: 

e Inhibit the enzyme that converts testosterone to 
dihydrotestosterone 

e Decreases prostate size 

Side effects: 

e Erectile dysfunction 

e Decreased ejaculation 

e Low libido 

e Gynecomastia 

e Increased risk of moderate- to high-grade prostate 
cancer 

Approved agents: 

e Finasteride (Proscar) 

e Dutasteride (Avodart) 
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ADDENDUM 


Anticholinergics (muscarinic 
receptor antagonists) 


Indications: 
e Overactive bladder 
e Hyperreflexic bladder 
e Neurogenic bladder, to reduce the detrusor pres- 
sure during bladder filling in poorly compliant blad- 
ders and thereby protect the upper tracts 
e Reduce frequency and severity of bladder spasms 
Mechanism: 
e The M,, M2, and M; muscarinic receptors are pre- 
sent in the smooth muscle of the bladder. Binding of 
acetylcholine to these sites stimulates smooth muscle 
contraction. The M; receptor is most common in the 
bladder but M; binding contributes most to detrusor 
contractions. 
e CNS side effects of anticholinergic medications 
may be bothersome in elderly patients, with oxybu- 
tynin having particularly high CNS penetrance. Tro- 
spium (Sanctura) has low CNS penetrance. 
Side effects: 
e Constipation 
e Xerostomia 
e Headache 
e Dizziness 
e Somnolence 
e Confusion (particularly in the elderly) 
e Urinary retention 
Approved agents: 
e Oxybutynin (Ditropan) 
e Solifenacin (Vesicare), bladder selective (less dry 
mouth than oxybutynin) 
e Tolterodine (Detrol), bladder selective (less dry 
mouth than oxybutynin) 
e Trospium (Sanctura), less risk of dizziness and con- 
fusion than oxybutynin 
e Darifenacin (Enablex), M; receptor selective agent 
e Fesoterodine (Toviaz) 


Benzodiazepines 


Indications: 
e Severe bladder spasms 
Mechanism: 
e Potentiates the activity of GABA by binding A-type 
GABA receptors 
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Side effects: 
e Contraindications: 
e Severe liver failure 
e Myasthenia gravis 
e Severe respiratory insufficiency 
e Sleep apnea syndrome 
e Respiratory depression 
e Muscle weakness 
e Ataxia 
e Somnolence 
e Hypotension 
e Risk of abuse 
Commonly used agents: 
e Diazepam 
e Lorazepam 


Botulinum Toxin 


Indications: 
e Hyperreflexic bladder (detrusor instability associ- 
ated with neurologic condition) 

Mechanism: 
e Inhibits release of acetylcholine at the presynaptic 
nerve terminal, inhibiting smooth and skeletal muscle 
contractions. Botox is injected directly in the target 
tissue of interest. In the case of detrusor instability 
+/— urinary incontinence, botulinum toxin is injected 
directly into the detrusor muscle endoscopically. 

Side effects: 
e Urinary retention 
e Respiratory depression (rare, but mentioned in 
black box warning) 


Phenazopyridine (Pyridium) 


Indications: 
e Dysuria, symptomatic relief 
Mechanism: 
e The agent is excreted in the urine and provides di- 
rect topical analgesia through an unknown mechanism 
Side effects: 
e Contraindications: allergy to phenazopyridine, re- 
nal insufficiency (GFR < 50) 
e Headache 
e Nephrotoxicity (rare) 
e Hemolytic anemia (rare) 


Phosphodiesterase-5 inhibitors 


Indications: 

e Erectile dysfunction 

e Off-label indications: premature ejaculation, lower 
urinary tract symptoms, penile rehabilitation follow- 
ing radical prostatectomy (which remains an experi- 
mental indication) 

Mechanism: 

Inhibit cGMP-specific PDE-S in erectile tissue, which 
increases intracytoplasmic cGMP and leads to smooth 
muscle relaxation. During sexual arousal, nitric oxide 
(NO) is released from nerve endings as well as endothe- 
lial cells in the penis. This in turn leads to increased intra- 
cellular CGMP and relaxation of smooth muscle cells in 
the penis, which facilitates erection. Sildenafil does not 
induce erections but augments the erectile response. 

Tadalafil (Cialis) has a longer half-life and may aug- 
ment erectile function for 72 hours. Sildenafil and var- 
denafil cross-react slightly with PDE-6, which may cause 
visual disturbances. Tadalafil cross-reacts with PDE-11. 

Side effects: 

e PDE-S inhibitors are contraindicated in patients 
taking nitrates due to risk of hypotension. Patients 
who discontinued nitrates for more than 2 weeks may 
safely take these medications. 

e Other contraindications: 

e MI, stroke, or life-threatening arrhythmia within 

the previous 6 months 

e Severe resting hypotension or hypertension 

e History or retinitis pigmentosa 

e Severe liver failure 

e Renal failure (on dialysis) 

e Unstable angina or congestive heart failure 

(NYHA class II) 
e Visual disturbances. This may manifest as blue-tinted 
vision, mediated by PDE-6 inhibition (sildenafil and var- 
denafil are most commonly associated with this side effect) 
e Headache, facial flushing 
e Back ache (particularly tadalafil) 
e Nasal congestion 
e Priapism 
e Sudden loss of vision (nonarteritic anterior optic 
neuropathy (NAION)) may rarely occur 
Approved agents: 
Sildenafil (Viagra) 
Vardenafil (Levitra) 
e Tadalafil (Cialis) 
e Avanafil (Stendra) 


ADDENDUM 


Intracavernous injection 


Indications: 
e Erectile dysfunction 

Mechanism: 
e Typically injections contain 1-3 different pharma- 
cotherapies which synergistically relax smooth muscle 
in the corpora cavernosa. Typical components include 
papaverine (a benzylisoquinoline opium alkaloid with 
general vasodilatory properties), alprostadil (prosta- 
glandin E1, a vasodilatory agent), and phentolamine 
(an a-adrenergic receptor inhibitor). 

Side effects: 
e Contraindications: history of priapism, psycho- 
logic instability, severe coagulopathy, reduced manual 
dexterity, concurrent use of MAOIs (which may cause 
hypertensive crisis if an o-adrenergic agonist is used 
to reverse priapism) 
e Alprostadil: pain at injection site 
e Papaverine: priapism, penile fibrosis 
e Phentolamine: systemic hypotension, reflex tachy- 
cardia, nausea 


Testosterone 


Indications: 
e Hypogonadism, often manifest in aging males 
by testosterone deficiency syndrome (loss of energy, 
decreased libido, lack of motivation, irritability) asso- 
ciated with decreased serum total testosterone levels 
e Delayed puberty 

Mechanism: 
e Testosterone is the primary male androgen nec- 
essary for the development of male sexual organs 
(i.e., prostate, seminal vesicles, scrotum, and penis). 
Testosterone level is important for many processes in 
the male, including erectile function, libido, mood, 
energy level, muscle mass, and bone mass. 

Side effects: 
e Contraindication: prostate cancer or breast cancer 
e Fluid retention 
e Gynecomastia (due to aromatization to estrogens) 
e Polycythemia 
e It is unknown whether long-term testosterone 
therapy is associated with increased risk of prostate 
cancer or BPH 
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abiraterone, role of 152 antimicrobial prophylaxis 
absorptive hypercalciuria 24 administration 14 
acrosome reaction 49 avoidance for 18 
active surveillance (AS) 202 definitions of 14 
acute scrotum, defined, 75. See also Testicular torsion endocarditis prophylaxis 17 
Addison’s disease 223-4 guidelines of 14 
adenine phosphoribosyltransferase (APRT) 26 orthopedic prosthetic joints 17-18, 17t 
adenomatoid tumor 234 procedure-specific recommendations 
adrenal adenoma 225 cystography and urodynamics 15 
adrenal cortical carcinoma (ACC) 220 cystourethroscopy with and without manipulation 16 
diagnosis and staging 224 extracorporeal shock-wave lithotripsy 15-16 
presentation 224 gastrointestinal tract, entry into 17 
treatment and prognosis 224, 224t genitourinary tract, entry into 16 
adrenal disorders 218 indwelling prosthesis, placement of 17 
adrenal glands 219 laparoscopic procedures without entry into 
anatomy and histology 219 genitourinary tract 16 
physiology 219 percutaneous renal surgery 16 
adrenal insufficiency 223 placement and removal of urinary catheters 15 
diagnosis 223-4 transrectal prostate biopsy 15 
presentation 223 ureteroscopy 16 
treatment 224 vaginal surgery 16 
adrenal metastases 225-6 prophylaxis, duration of 14-15 
adrenocorticotropic hormone (ACTH) 219 for urologic procedures 12-18 
advanced bladder cancer (ABC) 177 antiproliferative factor (APF) 124 
alanine-glyoxalate aminotransferase (AGT) 25 antisperm antibodies (ASA) 47 
aldosterone 219 arcus tendineus fascia pelvis (ATFP) 118 
alprostadil 60 artificial urinary sphincter (AUS) 104 
American Association for the Surgery of Trauma aspermia 48-9 
(AAST) 68 assisted reproduction techniques (ART) 44 
American Joint Committee on Cancer (AJCC) 131 asthenospermia 49 
American Society for Radiation Oncology (ASTRO) 144 asymptomatic bacteriuria 5 
American Urological Association (AUA) 13, 213 atypical small acinar proliferation (ASAP) 131 
aminocaproic acid 85 augmentation cystoplasty, in children 277 
androgen deprivation therapy (ADT) 150 complications 278 
androgen receptors (AR) 151 techniques 277-8 
angiomyolipoma (AML) autonomic hyperreflexia 113 
avoidance for 204 azoospermia 49 
diagnosis 201 
epidemiology and etiology 200 Bacillus Chalmette—Guerin (BCG) 168-9 
histology and pathology 201 bacterial prostatitis. See also Prostatitis 
management 201 acute 7 
antibiotics, in urinary tract infection treatment, 9t—10t. chronic 7 
See also urinary tract infection (UTI) bacteriuria 3, 114 
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Balkan nephropathy 191 
basic metabolic panel (BMP) 211 
Beckwith-Wiedemann syndrome 261 
benign prostatic hyperplasia (BPH) 128, 158 
diagnosis 160 
epidemiology 159-60 
etiology 158 
pathophysiology 159 
treatment 160-63 
benign renal masses, diagnosis and evaluation of 200 
Birt-Hogg—Dubé (BHD) syndrome 201, 209 
bladder cancer 
invasive 174 
avoidance for 178 
bladder preservation protocols 177-8 
neoadjuvant and adjuvant systemic chemotherapy 177 
recurrence 178 
staging and histology 174-5 
surgical therapy 175-7 
superficial 167 
avoidance for 170 
cystectomy 169-70 
diagnosis 167-8 
grade, stage, and tumor biology 167 
immunotherapy 168-9 
intravesical chemotherapy 169 
surgical management 168 
surveillance 170 
symptom of 167 
bladder infections 
asymptomatic bacteriuria 5 
cystitis 4-5 
emphysematous cystitis 5 
pyocystis 5 
recurrent UTI 5 
bladder injury 70-71 
bladder neck reconstruction (BNR) 269 
in children 277 
patient evaluation 277 
techniques 277 
Kropp procedure 277 
Boari flap 70 
Brantley Scott retractor 98 


calcium stones 24-5 

cancer-specific survival (CSS) 213 

carcinoma in situ (CIS) 167, 191 

castration resistant prostate cancer (CRPC) 152 
ceftriaxone, for orchitis treatment 8-9 

Center for Disease Control and Preventions 8 
cerebral palsy 113 

cerebrovascular accident 113 

children 
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augmentation cystoplasty in 277 
complications 278 
techniques 277-8 
bladder neck reconstruction in 277 
patient evaluation 277 
techniques 277 
continent urinary diversions in 278 
techniques 278-9 
Chlamydia trachomatis 8 
chronic pelvic pain syndrome (CPPS) 7-8 
classic bladder exstrophy (CBE) 
anatomy 269, 269f 
continence 270 
embryology 268 
epidemiology 268 
long-term complications 270-71 
management 269-70 
prenatal diagnosis 269 
clear cell sarcoma 263 
cloacal exstrophy 
anatomy 272 
epidemiology 271-2 
gender reassignment 272 
prenatal diagnosis 272 
surgeries 272 
color duplex ultrasound (CDU) 88 
complete blood count (CBC) 34 
complete metabolic panel (CMP) 34 
complete primary repair of exstrophy (CPRE) 269 
computed tomography (CT) 
for prostate abscess diagnosis 8 
for renal masses evaluation 210 
for upper tract cancer assessment 192 
computer-aided semen analysis (CASA) 49-50 
congenital adrenal hyperplasia (CAH) 50, 248 
congenital bilateral absence of the vas deferens (CBAVD) 47 
congenital mesoblastic nephroma 263 
Conn’s syndrome 221 
diagnosis 221-2 
presentation 221 
treatment 222 
continent urinary diversions, in children 278 
techniques 278-9 
continuous bladder irrigation (CBI) 84 
cortisol 219 
Cryo On-Line Database (COLD) 144 
cryptorchidism 47, 251 
evaluation 251 
rationale for treatment 251 
treatment 252 
Cushing’s syndrome 219-20 
clinical presentation of 220 
diagnosis of 220-21 


signs and symptoms of 220t 
treatment of 221, 221t 
cystadenoma 234 
cystectomy, for invasive bladder cancer treatment, 175-6. 
See also bladder cancer, invasive 
cystine, ornithine, lysine, and arginine 
(COLA) 26 
cystine stones 26 
cystinuria, medical management of 28-9 
cystitis 4-5 
emphysematous 5 
factors causing 4 
presentation of 4 


dehydroepiandrosterone (DHEA) 219 
Denys—Drash syndrome 262 
deoxycorticosterone (DOC) 248 
detrusor hyperreflexia 112 
diethylstilbestrol, in hormone-naive disease treatment 150 
digital rectal examination (DRE) 129, 140, 160 
dihydrotestosterone (DHT) 158, 247 
2,8-dihydroxyadenine (2,8-DHA) stones 26 
dimethyl sulfoxide (DMSO) 125 
disorders of sexual differentiation (DSD) 
evaluation and workup 248 
female 248-9, 249f 
gonadal dysgenesis 250 
Klinefelter syndrome 250 
male 249-50 
normal sexual development 247, 248f 
ovotesticular 250 
presentation 247 
pure gonadal dysgenesis 250 
Turner syndrome 250 
disseminated intravascular coagulation (DIC) 85 
distal renal tubular acidosis 33 
Down syndrome 46 
doxycycline, for orchitis treatment 9 
Dupuytren’s disease 61 
dysfunctional elimination syndrome (DES) 257-8 


electroejaculation, for male infertility treatment 52 
emphysematous cystitis 5 
emphysematous pyelonephritis, treatment of 6 
end diastolic velocity (EDV) 59 
endocarditis prophylaxis 17 
end-stage renal disease (ESRD) 280-81 
avoidance for 283 
cause of 280 
rejection 283 
and transplantation 
donor evaluation and selection 281-2 
immunology and immunosuppression 282 


recipient evaluation 281 
surgical technique 282 
epididymitis 76 
epinephrine 219 
epispadias 
associated anomalies 271 
definition 271 
epidemiology 271 
female 271 
management 271 
outcomes 271 
epitaxy, defined 24 
erectile dysfunction (ED) 56 
arteriogenic 58 


epidemiology and etiology of 57-8 
evaluation and diagnosis 58-9 


medications for 57t 
neurogenic 58 
physiology 56-7 
risk factors for 57t 
tests of 59t 
treatment of 59-60, 59t 
vasculogenic 58 
erythema 76 
Escherichia coli 4 


European Association of Urology 196 


Index 


European Organisation for Research and Treatment of 


Cancer (EORTC) 143, 177 
European Randomized Prostate Cancer Screening trial 


(ERSPC) 129 


expressed prostatic secretions (EPS) 7 
extracorporeal shock wave lithotripsy 35 


extratesticular tumors 234 


finasteride, for refractory hematuria treatment 84 


floppy iris syndrome 161 


fluorescence in situ hybridization (FISH) 167 


fluoroquinolone 6 


in acute bacterial prostatitis treatment 7 


fluoroquinolone-resistant Escherichia coli (FREC) 131 


Foley catheters 7 


follicular-stimulating hormone (FSH) 44 


Fournier gangrene 9 


genital bite injuries 72-3 
genital hiatus (GH) 119 
genitourinary (GU) 
tract 4 
trauma 67-73 
tuberculosis 9 
Gerota’s fascia 7 
gleason grading system 142 


glomerular filtration rate (GFR) 280 


291 


Index 


gonadotropin-releasing hormone (GNRH) 44 
gross hematuria 83-4, 83f 

acute 83 

causes of 83 

etiologies 84 


hamster egg penetration assay 49 
hematuria 67 
dysuria syndrome 278 
hemorrhagic cystitis, causes of 84 
Henoch-Schénlein purpura 75 
hereditary leiomyomatosis and RCC (HLRCC) 209 
hereditary papillary RCC (HPRCC) 209 
high-flow priapism, 89. See also priapism 
treatment 92-3 


high-grade prostatic intraepithelial neoplasia (HGPIN) 131 


high-intensity focused ultrasound (HIFU) 144 
high power field (HPF) 49, 67 
HLA-A3 allele 4 
holmium laser enucleation of the prostate (HoLEP) 163 
hormone-naive disease, 150-52. See also prostate cancer 
androgen 
ablation, side effects of 152 
deprivation 152 
synthesis 151-2 
antiandrogens 151 
bilateral orchiectomy 151 
LHRH agonists and antagonists 151 
Hounsfield units (HU) 210 
human chorionic gonadotropin (hCG) 76 
human leukocyte antigens (HLA) 282 
hydronephrosis 37-8 
hyperbaric oxygen 85 
hypercalciuria 24 
absorptive 24 
medical management of 28 
renal 24 
resorptive 24 
hyperoxaluria 25 
dietary 25 
enteric 25, 28 
medical management of 28 
primary 25 
hyperprolactinemia 46, 50 
hypertension an RCC, 209. See also renal cell carcinoma 
(RCC) 
hyperuricosuria 25 
causes of 25 
medical management of 28 
hypocitraturia 24-5 
medical management of 28 
hypogonadism 50 
hypogonadotropic hypogonadism 46 
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acquired 46 

idiopathic 46 
hypospadias 250-51 
hypothalamus-pituitary-testicular axis 44 


ileocecocystoplasty, advantage of 278 
immunohistochemistry (IHC) 158 
immunosuppression, types of, 283. See also end-stage renal 
disease (ESRD) 
incontinence impact questionnaire (IIQ) 117 
indinivir, in HIV management 26 
infected hydronephrosis 7 
infection stones, see struvite stones 
Infectious Diseases Society of America (IDSA) 5 
inferior vena cava (IVC) 203, 210 
infertility, defined 43 
inguinal lymph node dissection (ILD) 183 
inguinal node dissections (IND) 183 
intermittent self-catheterization (ISC) 277 
international index of erectile function (IIEF) 106 
International Prostate Symptom Score 
(I-PSS) 159 
interstitial cystitis (IC) 
clinical presentation of 124 
diagnosis of 124 
etiology of 124 
management of 124-5 
intracavernous injection therapy, for erectile 
dysfunction 60 
intracytoplasmic sperm injection (ICSI) 50 
intraurethral injection therapy, for erectile 
dysfunction 60 
intravenous pyelogram (IVP) 68, 241, 277 
intravesical silver nitrate 85-6 
intrinsic sphincter deficiency (ISD) 112 
ischemic priapism 88 
treatment 89-90, 91f, 92f 


Johnsen score 51 
Johns Hopkins Active Surveillance Program 142 


Kallmann syndrome 44, 46 
ketoconazole, usage of 151 
Klinefelter syndrome 46, 48, 52, 250 


Kropp procedure, 277. See also bladder neck reconstruction 


(BNR) 


lactate dehydrogenase (LDH) 76, 230 

laparoscopic surgery, for upper tract TCC treatment 194 
laser lithotripsy 36 

Ledderhose disease 61 

Lesch—Nyhan syndrome 25, 26 

leukocyte esterase (LE) 4 


levofloxacin, for orchitis treatment 9 

Leydig cell tumors 234, 265 

lichen sclerosus—balanitis xerotica obliterans 
(LS-BXO) 103 

lower urinary tract symptoms (LUTS) 158 

luteinizing hormone (LH) 44, 150 

luteinizing hormone-releasing hormone (LHRH) 151 

lymphadenectomy, for invasive bladder cancer treatment, 
176. See also bladder cancer, invasive 


magnetic resonance imaging (MRI), for renal masses 
evaluation 210 
magnetic resonance (MR), for upper tract cancer 
assessment 192 
major histocompatibility complex (MHC) 282 
male infertility 43-4 
etiology of 46t 
intratesticular etiology 46-7 
post-testicular etiology 47 
pretesticular etiology 46 
management of 
antisperm antibody test 50 
diagnosis and clinical investigations 47-8 
endocrine analysis 50 
imaging 50 
laboratory testing 48-50 
testicular biopsy 50-51 
treatment 
antisperm antibodies 52 
endocrine disorders 52 
genital infections 52 
medical therapy 52 
prognosis 52 
retrograde ejaculation 52 
surgical therapy 51-2 
male reproduction, physiology and pathophysiology of 
hypothalamus-pituitary—testicular axis 44 
spermatogenesis, sperm maturation, and emission 45 
testes, anatomy of 44 
Massachusetts male aging study (MMAS) 57 
Meares-Stamey four-glass test 7 
medical expulsive therapy (MET) 36 
medical therapy of prostatic symptoms (MTOPS) 159 
megaureter 
definition 242 
diagnosis 242 
epidemiology 242 
etiology 242 
management 242-3 
presentation 242 
prognosis 243 
mesothelioma 234 
metaiodobenzylguanidine (MIBG) 223 
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microsurgical epididymal sperm aspiration (MESA) 51 

micturition 112 

mixed gonadal dysgenesis (MGD) 250 

mixed urinary symptoms, 117. See also urinary 
incontinence 

modern staged repair of exstrophy (MSRE) 269 

Miillerian inhibition substance (MIS) 247 

multilocular cystic nephroma 263 

multiple system atrophy, see Shy-Drager syndrome 

muscle invasion, defined 174 

myelomeningocele 114 


National Comprehensive Cancer Network (NCCN) 141, 
150, 196 
National Institute of Diabetes and Digestive and Kidney 
Disease (NIDDK) 124 
National Wilms’ Tumor Study Group (NWTSG) 262 
Neisseria gonorrhoeae 8 
nephroblastoma 261-3 
nephrogenic systemic fibrosis (NSF) 210 
nephrolithiasis 
avoidance for 29, 38 
epidemiology of 24 
evaluation of 
acute stone event 34 
expectant management 34-5 
history 33, 33t 
imaging 34 
laboratory studies 33-4, 34t 
physical examination 33 
medical evaluation 
metabolic evaluation 27, 27t 
screening evaluation 26-7, 27t 
medical management 27 
cystinuria 28-9 
hypercalciuria 28 
hyperoxaluria 28 
hyperuricosuria 28 
hypocitraturia 28 
struvite stones 29 
metabolic stone evaluation 37 
renal stone treatment 36-7 
risk factors of 24 
stone composition 
calcium-based stones 24-5 
cystine stones 26 
struvite stones 25-6 
uric acid stones 25 
stone formation 24 
stone fragmentation techniques 37 
stones during pregnancy 37-8 
surgical planning 
extracorporeal SWL 35 
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nephrolithiasis (continued) 
percutaneous nephrolithotomy 36 
ureteroscopy 35-6 

ureteral stone treatment 37 
nephron-sparing surgeries (NSS) 202, 213 
nephrostomy tubes, usage of 84 
neuroblastoma 

diagnosis 264 

epidemiology 263 

genetics 263 

pathology 263 

presentation 264 

treatment 264 
neurogenic bladder disorders, management of 114-15 
neurourology 112-15 
nitrofurantoin 5 
nocturnal enuresis (NE) 258 
nonadrenergic/noncholinergic (NANC) fibers 57 
nonmuscle invasive bladder cancer, 167. See also bladder 

cancer, superficial 

nonsteroidal antiinflammatories (NSAID) 34 
Noonan syndrome 46 
nubbin, defined, 251. See also cryptorchidism 


ofloxacin, for orchitis treatment 9 
oligospermia 49 
oncocytoma 
avoidance for 204 
diagnosis 201-2 
epidemiology and etiology 201 
histology and pathology 202 
management 202 
open radical nephroureterectomy, for upper tract TCC 
treatment 194 
orchitis 8 
epididymo 8 
treatment of isolated 8 
orthopedic prosthetic joints 17-18, 17t 
overactive bladder, 117. See also urinary incontinence 


papillary urothelial neoplasm of low malignant potential 
(PUNLMP) 167 
parathyroid hormone (PTH) 24, 34 
partial nephrectomy (PN) 201 
PCA-3 130 
peak systolic velocity (PSV) 58 
pediatric urinary tract infections 
classification 254 
diagnosis 255 
epidemiology 254 
etiology 254-5 
treatment 255 
pelvic floor anatomy and support 118 
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pelvic lymph node dissection (PLND) 184 
pelvic organ prolapse (POP) 118-19 
evaluation of 119 
management of 119 
risk factors for 118 
pelvic organ prolapse quantification (POPQ) 119 
penile cancer 181 
avoidance for 186 
clinical presentation 181, 181t 
epidemiology 181 
inguinal lymph nodes 183 
inguinal node dissection, surgical technique of 183-4 
investigations 181-2 
lymph node dissection, complications of 184 
palpable inguinal nodes 183 
pelvic lymph node dissection 184 
primary lesion 183 
risk factors 181 
staging and grading 182, 182t 
penile injury 72 
penile prosthesis surgery, for erectile dysfunction 60 
percutaneous epididymal sperm aspiration (PESA) 51 
percutaneous nephrolithotomy (PNL) 35, 36 
percutaneous renal biopsy (PRB) 211 
perineal body (PB) 119 
perinephric abscess 7 
pernicious anemia 114 
Peyronie’s disease 48, 61 
characteristics of 61 
epidemiology and etiology 61 
evaluation and diagnosis 61 
oral and intralesional injection therapies for 62t 
treatment of 61-2 
phase variation, defined, 4. See also urinary tract infection 
(UTI) 
pheochromocytoma 222 
diagnosis of 222-3 
presentation 222 
signs and symptoms of 223t 
treatment of 223 
phosphodiesterase inhibitors (PDEi) 162 
phosphodiesterase type 5 (PDES) inhibiters 59 
photovaporization of the prostate (PVP) 162 
placental alkaline phosphatase (PLAP) 230 
plasma aldosterone concentration (PAC) 222 
plasma renin activity (PRA) 222 
poliomyelitis 114 
pontine micturition center (PMC) 112 
postcoital test 49 
posterior urethral valves (PUV) 240 
classification 243 
diagnosis 243 
epidemiology 243 


management 243-4 
pathophysiology 243 
presentation 243 
prognosis 244 
postvoid residual (PVR) 160 
Prader orchidometer 48 
Prader-Willi syndrome 46 
pregnancy 
renal colic and 38 
stones during 37-8 
priapism 
high-flow 89 
implantable penile prostheses 93 
ischemic 88 
principles 88 
stuttering 88-9 
treatment 89-93 
primary hyperaldosteronism 221 
diagnosis 221-2 
presentation 221 
screening for 222t 
treatment 222 
prostate abscess 8 
prostate biopsy 141-2 
prostate cancer 128 
AJCC TNM tumor classification system for 132t 
imaging for metastatic 132 
markers 130 
metastatic disease 
chemotherapy for 153 
detection of 150 
hormone-naive disease 150-52 
nonmetastatic castration-resistant disease 152-3 
palliative measures 154 
skeletal-related events 153-4 
risk factors for 140 
risk stratification 131-2 
screening 140-41 
tools 141 
staging 142 
statistics and epidemiology of 140 


transrectal ultrasound-guided prostate biopsy 130-31 


treatment for 142-5 
Prostate Cancer Prevention Trial (PCPT) 128 
Prostate, Lung, Colorectal, and Ovarian Cancer 
(PLCO) 129 
prostate-specific antigen (PSA) 8, 128-32 
density 129 
free 129 
velocity 129 
prostatitis 7-8 
acute bacterial 7 
asymptomatic inflammatory 8 


chronic bacterial 7 
chronic pelvic pain syndrome 7-8 
pyelonephritis 
acute 
diagnosis of 5-6, 6f 
symptoms of 5 
treatment of 6 
chronic 6 
causes of 6 
diagnosis of 6 
pyocystis 5 
pyuria 3 
radical nephrectomy (RN) 210 
randomized-controlled trial (RCT) 153 
recurrent UTI, 5. See also urinary tract infection (UTI) 
refractory hematuria, treatment of 84 
renal abscess 6 
risk factors of 6 
treatment of 6 
renal carbuncle, see renal abscess 
renal cell carcinoma (RCC) 200, 209 
AJCC TNM staging for 212t 
avoidance for 214 
Bosniak classification system 210t 
conventional 211 
diagnosis and evaluation of 210-11 
epidemiology of 209 
Fuhrman grading system for 211t 
histology and tumor grade 211 
hypertension and 209 
risk factors for 209-10 
staging and prognosis 212-13 
treatment for 213 
renal hypercalciuria 24 
renal replacement therapy, types of 280-81 
renal stone treatment 36-7 
renal trauma 67-9 
renal tubular acidosis (RTA) 24 
resorptive hypercalciuria 24 
retrograde ejaculation 47 
retrograde urethrogram (RUG) 71, 104 
retroperitoneal fibrosis (RPF) 
avoidance for 204 
diagnosis 202-3 
epidemiology and etiology 202, 203t 
histology and pathology 203-4 
management 204 
retroperitoneal lymph node dissection (RPLND) 230 
retroperitoneal lymph nodes (RPLN) 230 
rhabdoid tumor 263 
rhabdomyosarcoma 234 
diagnosis 265 
epidemiology 265 
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rhabdomyosarcoma (continued) 
presentation 265 
treatment 265 


sandwich therapy 36 
scrotal ultrasound, for male infertility imaging 50 
segmental ureterectomy, for upper tract TCC treatment 194 
semen analysis 48 
seminal fluid 45-6, 45t 
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Plate 20.1 Micrographs demonstrating normal bladder (top left), low- and high-grade transitional cell carcinoma and 
carcinoma in situ. 


Plate 32.1 Exstrophy bladder 


